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Central Asia is a vast assemblage of microcontinents, accreted island arc systems, 
collapsed ocean basins, and related sedimentary basins. Lower Jurassic through Lower 
Cretaceous non-marine siliciclastic sediments were documented throughout western 
Mongolia to examine the effects of contractile tectonics resulting from Mesozoic sub­
duction and microcontinent collision along the southern margin of Asia. The goals of this 
project are: 1) To document Mesozoic sedimentary style in an area under-represented in 
western literature; 2) to determine the provenance of Mesozoic sedimentary strata using 
petrography and S m ^ d  isotopic analysis; 3) to compare the Mesozoic deposits in western 
Mongolia with coeval strata of northwestern China, which is relatively well documented; 
and 4) to develop a model for the basin into which these sediments were deposited.
Lower-Middle Jurassic basin fill consists of a series of alluvial and fluvial deposits which 
fine upward from coarse matrix supported fanglomerate to fine sandstone, shale, and coal 
suggestive of a meandering fluvial environment. Paleocurrent direction indicator measure­
ments within Jurassic strata suggest flow from the north-northwest. Pétrographie prov­
enance analysis suggests the unroofing of Vendian-Cambrian subduction-related arcs 
exposed throughout western Mongolia as the primary sediment source. Sm-Nd isotopic 
analysis performed on sandstone samples from one field site yields CHUR derivation ages
of approximately one billion years and negative values for sandstone samples. Sm-Nd 
isotopic analysis on basement as well as granite and basalt cobbles within Jurassic strata
yield ages of approximately 500Ma and positive E^d values. These results suggest a 
significant percentage of distally derived material in the sandstone samples, as ancient, 
continental affinity rocks do not crop out in western Mongolia.
The Lower to Middle Jurassic section exposed at the Dariv location contains strata similar 
to that described above and is overlain by Middle-Upper Jurassic braided-fluvial siltstone 
and sandstone. Upper Jurassic-Lower Cretaceous conglomerate, and Lower Cretaceous 
lacustrine mudstone and siltstone. Paleocurrent analysis in the Lower Creta ceous 
conglomerate suggests a fundamental reversal in paleoflow direction in that south-erly 
paleocurrents are replaced by northerly paleocurrents. This reversal, as well as the 
deposition of a thick Upper Jurassic-Lower Cretaceous conglomerate is consistent with 
uplift of the Altai Mountains to the south. The section exposed at Dariv is similar to coeval 
deposits of northwest China, suggesting the two area responded to similar (or the same) 
tectonic and climatic events.
Sedimentary style, paleocurrent indicator directions suggestive of axial flow, outcrop 
distribution, and regional tectonics are consistent with the presence of a collisional foreland 
basin in western Mongolia during the Lower-Middle Jurassic.
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INTROD U CTION
The accretion of various tectonic terrains to the southern margin of the Asian 
continent throughout the Phanerozoic has resulted in a complex assemblage of 
microcontinents, accreted island arc systems and subduction complexes, collapsed ocean 
basins and associated metasedimentaiy rocks, postorogenic intrusives and extnisives, and 
sedimentary basins (e.g. Burrett, 1974; Sengor, 1984; Watson et al., 1987; Coleman, 
1989; Khudtorskoy and Yarmoluk, 1989; Enkin et al., 1992; Sengor et al., 1993; Penttila,
1994) (Figures 1 and 2). These accretionary events, including the continuing India-Asia 
collision, have repeatedly reactivated structures formed during earlier episodes of accretion 
(Molnar and Tapponier, 1975; Tapponnier and Molnar, 1977, 1979; Sengor, 1984; Zhang 
et al., 1984; Watson et al., 1987; Coleman, 1989; Feng et al., 1989; Carroll et al., 1990, 
1995; Windley et al., 1990; Zhao et al., 1990; Allen et al., 1992; Hendrix et al., 1992; 
Sengor et al., 1993; Dobretsov et al., 1995; Fedorovskii et al., 1995; Amory, 1996) 
(Figure 2).
Evidence for Mesozoic compressive intraplate deformation is widespread 
throughout the Tarim, Junggar, and Turpan foreland-style basins of northwest China (e.g. 
Hefu, 1986; Watson et al., 1987; Hendrix et al., 1992, 1995). A Mesozoic collisional 
foreland basin setting for these locations was proposed because: 1) Lee (1985a, b) and 
Tian (1990) reported strongly asynunetric sediment thickness distributions similar to those 
observed in foreland basin systems (Figure 3); 2) Hendrix et al. (1992) and Zhang et al. 
(1993) documented Mesozoic conglomerates near the basin margins; 3) Liu (1986) reported 
Mesozoic basin-verging thrust and reverse faults in the Junggar basin; and 4) subsurface 
data published by Zhang et al. (1993), Li and Jiang (1987), Quanmao and Dickinson 
(1986) and Lee (1985a,b) suggest thrust or reverse faulting in the Junggar basin as young 
as Middle Jurassic (Hendrix et al., 1996) (Figures 4 and 5). Mesozoic sedimentary basins
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of western Mongolia, located a few hundred kilometers to the northeast of the Junggar 
basin, were presumably situated to record the same tectonic and environmental events as 
the basins of western China (Figures 2, 6, 7, and 8).
Located approximately 250 kilometers to the northwest of the Junggar basin is the 
Lake Zone (also known as the "Valley of the Lakes” and the "Ozemaya Zone” in the 
Russian literature), a broad, sparsely populated valley between the Altai Mountains and the 
Hangayn Mountains in western Mongolia (Dergunov and Kheraskova, 1982; Suvorov, 
1983; Makarychev et al., 1986; Kovalenko et al., 1989; Worden and Savada, 1991) 
(Figure 8). In 1992 and 1995, Lower-Middle Jurassic through Lower Cretaceous non- 
mahne siliciclastic basin fill was studied at four locations in the Lake Zone by geologists 
from The University of Montana, Stanford University, and the Mongolian Academy of 
Sciences (Figures 7 and 8). This thesis is a compilation of data collected during those two 
field seasons and results of sandstone provenance analysis.
There are three main objectives to this study. The first goal is to document the 
Mesozoic sedimentary geology and provenance of western Mongolia, which is currently 
very under-represented in the Western literature. This paucity of information is due to the 
political situation in Mongolia between 1920 and 1990; during that period, few geologists 
other than Soviet or Mongolian citizens were allowed into the back-country of Mongolia to 
conduct geologic field studies (Traynor and Sladen, 1995; Hendrix et al., 1996). To date, 
the most comprehensive English-language study of Mongolian geology was a result of the 
Roy Chapman Andrews expedition through Mongolia from 1922 to 1923 (Berkey and 
Morris, 1924, 1927). Before 1990, several English translations of Russian language 
studies were published, but only a handful addressed the Mesozoic sedimentary geology of 
western Mongolia (Shuvalov, 1968, 1969; Khosbayar, 1973).
Since the democratization of Mongolia in 1990, the number of studies published on 
the geology of western Mongolia has increased. An abbreviated list of these works
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includes a brief overview of the geologic history and petroleum potential of Mongolia was 
published by Penttila (1992) and Traynor and Sladen (1995). An issue of Geology 
Magazine (vol. 133, no.4, 1996) was devoted to the results of an expedition to study 
paleomagnetism, stratigraphy, paleontology, glaciology, and tectonics of the Late 
Proterozoic-Early Cambrian of western Mongolia. This publication contained studies by 
Brasier et al. (1996) Evans et al. (1996), Khomentovsky and Gibsher (1996), Lindsay et 
al. (1996) and others. The results of field based studies of the Cenozoic tectonics of 
western and southern Mongolia were reported by Baljinnyam et al. (1993), Bayarsayhan et 
al. (1996), and Cunningham et al. (1996a,b). Studies of the Noyon Uul syncline, the 
Gobi Basin, and surrounding areas in southern Mongolia have been recently published by 
Jerzykiewicz and Russell (1991), Keller (1995), Lamb and Badarch (1995), Amory 
(1996), Hendrix et al. (1996), and Zheng et al. (1996). A brief summary of Cretaceous 
sediments throughout Mongolia was published in 1995 by Badamgarav et al. (1995). 
Preliminary results of the study presented in this thesis have been recently reported by 
Sjostrom (1996), Sjostrom et al. (1996), and Graham et al., {in press).
Documentation of Mesozoic nonmarine deposits of western Mongolia leads to the 
second objective of this project; to compare these strata with contemporaneous deposits in 
northwest China which are relatively well documented (e.g. Feng et al., 1989; Allen et al., 
1991; Hendrix, 1992; Hendrix et al., 1992, 1995; Graham et al., 1993). Preliminary 
indications from the Mesozoic deposits of western and southern Mongolia and regional 
geologic studies of central Asia suggest the two areas are very similar in sedimentary style. 
This similarity supports the theory that deposits of the basins of northwest China and 
western Mongolia were shed in response to similar (or the same) tectonic and climatic 
stimuli (Sengor, 1984; Coleman, 1989; Hendrix et al., 1993, 1996; and Sladen, 1995; 
Amory, 1996; Sjostrom, 1996; Sjostrom et al., 1996; Graham et al., in press). Basin 
architectures in Mongolia similar to those of western China would potentially provide more
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examples of “Chinese type" basins of Bally and Snelson (1980); a “fundamentally 
important class of poorly documented sedimentary basins” (Hendrix et al., 1996).
Additionally, correlations to the petroleum producing Tarim and Junggar basins of 
western China and eastern Mongolia suggest the basins of western Mongolia may have the 
potential to produce up to approximately one billion barrels of petroleum (Penttila, 1994). 
Field-based studies are an integral part of the first-order assessment of petroleum potential, 
however, the relatively small size of the basins of western Mongolia, lack of documented 
source, cap, and reservoir rock, and the remoteness of this part of central Asia makes 
development unlikely (Penttila, 1994; Hendrix, 1996 per. com.).
Documenting the sedimentary style and provenance of Mesozoic strata of western 
Mongolia and placing them into a regional tectonic framework by comparison to the coeval 
sediments of northwest China leads to the third purpose of this study; to formulate a model 
for the basin into which these deposits were shed. Previous publications reporting a basin 
model for the Lower-Middle Jurassic through Lower Cretaceous of western Mongolia have 
not included rigorous study of Mesozoic deposits in the field (e.g. Zorin et al., 1993b; 
Penttila, 1994; Traynor and Sladen, 1995).
GEOLOGIC SETTING
Lower-Middle Jurassic through Lower Cretaceous nonmarine sediments are 
exposed locally throughout western Mongolia (Shuvalov, 1968, 1969; Khosbayar, 1973; 
Devyatkin et al., 1975; Yanshin, 1989; Dobretsov et al., 1995). For the most part, these 
Mesozoic strata are in fault contact with Vendian-Cambrian magmatic-arc related igneous 
rocks which represent the early stages of the “Altaid tectonic collage” of Sengor et al. 
(1993) or the “Calidonides” of Dergunov and Kheraskova (1982), Mossakovsky and 
Dergunov (1985), Zorin et al. (1993a,b), Penttila (1994) and others. Mesozoic rocks are 
also commonly in fault or depositional contact with Cenozoic sediments (Yanshin, 1989). 
Mesozoic strata of western Mongolia has been faulted and folded extensively by contractile 
and strike-slip deformation associated with the India-Asia collision. (Tapponnier and 
Molnar, 1979; Baljinnyam et al., 1993; Dobretsov et al., 1995; Traynor and Sladen, 1995; 
Bayarsayhan et al., 1996; Cunningham et al., 1996a,b).
The affinity and age of the basement which underpins Mesozoic and younger basin 
fill of the Lake Zone in western Mongolia has been debated in the Soviet and Russian 
literature for several decades. Some workers believe the basement consists of oceanic crust 
or island arc (transitional arc) affinity igneous rocks based on the occurrence of Vendian- 
Cambrian ophiolite sequences throughout the Lake Zone and the Altai Mountains 
(Dergunov and Kheraskova, 1982; Suvorov, 1983; Dergunov and Luvsandanzan, 1984; 
Makarychev et al., 1986; Makarychev, 1988; Cunningham et al., 1996b). Others have 
reported the basement of western Mongolia to be Archean continental material (Tuva- 
Mongolia microcontinent) onto which oceanic affinity rocks have been over-thrust 
(Kepezhinskas, 1986; Kovalenko et al., 1989; Kepezhinskas et al., 1991; Zorin et al., 
1993a,b).
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Sm-Nd, Rb-Sr, and U-Pb isotopic analysis results suggest granites of the Daribi 
Range in northwest Mongolia (east of the Lake Zone, Figure 6) have an ancient continental 
signature, typical of granites which incorporate continental crustal affinity material during 
formation, suggesting the basement (in this area) is continental affinity (Fedorovskii et al.,
1995). Gravity, magnetism, and seismic data collected by (Zonn et al., 1993a,b) in central 
Mongolia were interpreted as also suggesting Archean-Early Proterozoic basement in the 
Lake Zone.
Before the early 1990’s, geologists who inferred the basement to be of continental 
affinity cited the presence of Pre-Cambrian metamorphic rocks in the central Lake Zone as 
the main supportive evidence (Makarychev et al., 1986). However, recent Sm-Nd, Rb-Sr, 
and U-Pb isotopic studies have suggested that these rocks previously thought to be Pre- 
Cambrian may actually be Paleozoic (Fedorovskii et al., 1995). In fact some workers have 
suggested that Pre-Cambrian rocks do not crop out in western Mongolia (Fedorovskii et 
al., 1995; Cunningham et al., 1996b).
It is likely the basement of western Mongolia is comprised of a mosaic of the 
lithologies described above, similar to the nature of the basement described for southern 
Mongolia (Doijnamjaa et al., 1992; Ruzhentsev and Pospelov, 1992).
METHODS OF STUDY
Field Studies
Four locations in western Mongolia were chosen for detailed study by the 1995 
field party. They were the Hyargas Nuur, Oshin Nuruu, Jargalant, and Dariv locations 
(Figure 8). All of these locations had previously been visited by the 1992 Stanford 
Mongolia team with the exception of the Oshin Nuruu locality. While in the field, 
stratigraphie sections were measured at both large and small scales in order to document the 
sedimentary style at each location. Sections were measured using a 30 meter tape measure 
or a Jacob staff. Paleocurrent indicator measurements were also made on clast 
imbrications, ripple cross-stratification, and the axes of trough cross-stratification. Lateral 
facies changes were studied in the form of four photo mosaics and measurement of several 
sections at the Hyargas Nuur and Oshin Nuruu locations separated by several kilometers
Provenance Studies
Qualitative observations of conglomerate clast compositions were made in the field 
as a first order determination of provenance. Several sandstone samples were collected in 
1992 and 1995 throughout each measured section for pétrographie provenance analysis. 
Considerable effort was made to collect unaltered samples. Thin sections were stained for 
both potassium and calcium for the purpose of aiding in the identification of potassium and 
plagioclase feldspars (Laniz et al., 1964), The pétrographie analysis was performed on a 
Leitz pétrographie microscope with an automatic stage using a point counting method 
modified from Gazzi (1966) and Dickinson (1970) as described by Ingersoll (1984). Five 
hundred counts were performed for each sample to minimize error (Van der Plas and Tobi, 
1965), although in a few cases, grain-size was too large for 500 counts (see “Comments” 
Tables 2, 4, 8).
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Grains were identified and placed into one of the following categories: 
Monocrystalline quartz (Qm), polyciystalline quartz (Qp), chert (Cht), potassium feldspar 
(K), plagioclase (P), lithic volcanic (Lv), lithic sedimentary (Lslt), lithic metamoiphic 
(Lm), lithic carbonate (xb C03), unidentified lithic (unid L), biotite (bt), muscovite (ms), 
chlorite (chi), heavy minerals (heav), cement (Cmt), matrix (Matr), and porosity (por). 
Using the Gazzi-Dickinson method of point counting, crystals within lithic grains were 
counted as individual monociystalline grains when the crystal was larger than 0.0625 
millimeters. Altered grains were counted as their original grain affinity when identifiable. 
Several specific criteria were used to distinguish the affinity of lithic grains in this study: 1 ) 
A grain was identified as metamorphic only when a schistose texture was identified; 2) A 
grain was identified as sedimentaiy only when the grain boundaries of crystals within the 
fragment in question were easily distinguishable and were grain supported or supported by 
a siltstone/mudstone matrix; 3) A grain was classified as lithic volcanic when the grain 
boundaries of crystals within the grain in question were interlocked, or the grain contained 
obvious plagioclase laths. In most cases, individual crystals within plutonic grains were 
larger than 0.0625 millimeters and were classified as separate mineral grains. However, 
when a section of an obvious lithic plutonic grain was less than 0.0625 millimeters, the 
grain was classified as Lv. Pseudomatrix was counted as its original grain composition 
unless unidentifiable, in which case it was counted as “matrix”.
Point count data was then normalized as Qt-F-L (percentages of total quartz 
(including chert), total feldspar (plagioclase and potassium feldspar), and total lithic grains 
(lithic volcanic+lithic sedimentary+lithic metamorphic)), Qm-F-Lt (percentages of 
monocrystalline quartz, total feldspar, and total lithic grains), and Qp-Lv-Lsm (percentages 
of polycrystalline quartz, lithic volcanic, and lithic sedimentary+lithic metamorphic grains. 
These values were plotted on the appropriate ternary diagram of Dickinson (1985) and
9
Dickinson and Suczek (1979) or Dickinson et al. (1983) to determine provenance, (e.g. 
Ingersoll et al., 1984; Pirrie, 1991; Graham et al., 1993; Hendrix et al., 1996).
Sm-Nd Isotopic Study
To supplement the pétrographie provenance analysis and to investigate the nature of 
crustal material underpinning western Mongolian basins, samarium-neodymium isotopic 
analysis was performed on ten whole-rock samples from the Jargalant location. The Sm- 
Nd system was chosen because of its proven usefulness in the determination of provenance 
of sedimentary rocks (e.g. Miller and O'Nions, 1984; Heller et al., 1985; Frost and 
Winston, 1987; Nelson and DePaolo, 1988; Frost and Coombs, 1989; Basu et al., 1990; 
Evans et al., 1991; Haughton et al., 1991; Linn et al., 1992; Linn and DePaolo, 1993; 
McLennan et al., 1993). This usefulness is based on the fundamental observation that the 
Sm-Nd isotopic signature of sediments is preserved in the diagenetic and weathering 
environments (DePaolo and Wasserburg, 1976; Hamilton and O'Nions, 1980; O'Nions et 
al., 1983; Patchett and Bridgwater, 1984; Nelson and DePaolo, 1985; Faure, 1986; 
DePaolo, 1988; McLennan and Hemming, 1992). Due to analytical, time, and fiscal 
constrains only one of the field locations was considered for isotopic analysis. The 
Jargalant location was chosen for isotopic analysis for several reasons. Firstly, Mesozoic 
sedimentary rocks are proximal to the Vendian-Lower Cambrian mafic volcanic rocks 
mentioned above, which allowed for convenient sampling of a possible sediment source. 
Secondly, the Sm-Nd isotopic system provides an independent test for major shifts in 
provenance with the changing sedimentary facies observed at Jargalant. Thirdly, fine 
grained samples (siltstones) which could not be point-counted could be analyzed 
isotopically, and the isotopic signature of the siltstones (i.e. their provenance) compared 
with coarser grained samples (e.g. Frost and Winston, 1987).
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Analytical Method
Ten samples, which appeared to have a low degree of alteration based on visual 
inspection, were chosen for Sm-Nd isotopic analysis. This suite consisted of two samples 
of basalt from the Vendian-Cambrian outcrop which were collected several hundred meters 
apart (95JA501, 95JA507), a basalt cobble (95JA602), two granite cobbles (95JA601, 
95JA603), and two sandstone matrix samples (95JL703, 95JA604) from the Lower to 
Middle Jurassic basal conglomerate, a basalt cobble located approximately 500 meters from 
the base of the section (95JA605), and a siltstone (95JA512) and sandstone (95 J AS 11) 
from the top of the Mesozoic section (Figure 9 and Plate 5).
The following analytical procedure was performed at the University of Washington 
and was modified from the procedure described by (Nelson et al., 1993). The weathering 
rind was cut off of each sample and the sample was cut into three to five millimeter thick 
slices using a diamond rock saw. The samples when thoroughly dried were then crushed 
using a steel mortar and pestle, the equipment was cleaned after each sample with pure 
ethyl alcohol and polished with a wire polishing wheel. Each sample was then powdered 
in a ceramic mill. The mill was cleaned with pure ethyl alcohol and silica sand between 
each sample. Thirty milligrams of each sample was weighed and placed in a sealed Teflon 
vial containing HCl and a HF-HCIO4 solution and allowed to digest for four weeks at room 
temperature.
After the four-week digestion period (or when no particles were visible in the vial) 
the acid solution was evaporated off and the sample was redissolved in pure HCl. Samples 
were aliquoted into a solution spiked with *̂ ®Nd and *̂ ^Sm tracers produced at the 
University of Washington and calibrated to better than ±0.05% against Ames Laboratories 
concentration standards.
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REE separations were performed with HCl elutions through AG50W-X8 resin ion- 
exchanger, and Sm-Nd separations were achieved with 2-methyllactic acid elutions on 
AG50-W-X4 resin. Sm samples were loaded on single Ta filament in phosphoric acid, and 
Nd samples were loaded on a single Re filament in nitric acid and silica gel. Analysis was 
done on a VG Sector mass spectrometer, Sm samples by static multicollection, and Nd by 
multi-collector peak switching.
Present day epsilon^^ values (DePaolo and Wasserburg, 1976) were then calculated 
as single stage model derivations from a chondritic reservoir (CHUR) in parts per lO'*, 
using present day reservoir values of '^^Nd/"*^Nd = 0.52683 and *̂’Sm/*^Nd = 0.1967, 
with an error on concentration determinations of approximately 0.1% (Nelson et al., 1993) 
(Table 9). Initial '̂̂ ^Nd/̂ ’̂ Nd, epsilon^^, and mantle derivation age were also calculated for 
the igneous body from which the cobbles and “basement” were derived using the isochron 
method (e.g. Faure, 1986; DePaolo, 1988) (Figure 10).
HYARGAS NÜÜR
Sedimentology and Stratigraphy
Observations
The Hyargas Nuur study area is located along the southern slope of Hanhdhiy Uul 
approximately one kilometer north of Hyargas Nuur in the Lake Zone, northwestern 
Mongolia (Figures 8 and 11). This location was chosen for study in 1992 because of its 
good exposure, continuity of section, possible synorogenic character, and its position in 
northern Mongolia, where Mesozoic rocks rarely crop out (Hendrix et al., 1993). Hyargas 
Nuur was visited again in 1995 in order to conduct a more detailed study.
In order to study the lateral variability in facies and provide a more regional 
framework for stratigraphie interpretations, three sections were examined at Hyargas Nuur. 
In addition to the 460 meters of section exposed at the Hyargas Nuur West location (HNW) 
(N49° 2T 34” E93® 7’ 11.5”) measured in 1992 (Appendix A), approximately 720 meters 
of Lower-Middle Jurassic deposits were measured at the Hyargas Nuur East location 
(HNE) approximately 20 kilometers to the east of HNW (N49® 21’ 16.6” E93° 26’ 30.6”) 
(Plate 1). Additionally, approximately 84 meters were measured at the Hyargas Nuur 
Central location (HNC) 12 kilometers east of HNW (N49® 20’ 24” E93° 16’ 41”) (Plate 2). 
The sections were bounded above and below by thmst faults, which placed the Jurassic 
section over Neogene lacustrine deposits at the base and Vendian-Cambrian igneous rocks 
over the top of the Mesozoic strata (Yanshin, 1989; Hendrix et al., 1993) (Figure 12).
The Hyargas Nuur sections are characterized by poorly organized, clast supported, 
stacked, pebble to boulder conglomerate which coarsens upward slightly (Figures 13, 14, 
and 15) (Appendices B-E). The conglomerate is interbedded with pebbly coarse sandstone 
and minor mudstone and siltstone. Individual conglomerate beds range in thickness from a 
few centimeters to several tens of meters (Figures 13-15). These intervals are typically
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uniform in grain size or fine upward, though several were observed to coarsen upward. 
The conglomerate beds typically have a coarse sandstone matrix. Maximum clast size in 
the conglomerate at the base of the sections is approximately 50 centimeters in diameter, 
with an average clast size of 5-10 centimeters in diameter (by visual estimate). 
Conglomerate clasts average 10-20 centimeters in diameter near the top of the measured 
sections with a maximum clast size of 60 to 70 centimeters. The majority of the cobbles are 
subrounded, although a few intervals with abundant angular clasts are present in all three 
sections (Figures 18 and 19). Imbricated pebbles, pebble stringers, wood (including logs), 
and plant fragments are common in most the conglomerate and sandstone intervals 
exposed at Hyargas Nuur (Figures 16 and 17). Two conglomerate intervals at the HNC 
location (13-18 meters from the base) are distinctly different in character from the section 
(Plate 2). Specifically, these anomalous conglomerates are very sandy, verging on matrix 
support, and contain a relatively high percentage of angular clasts. The HNW section 
measured in 1992 contains a 60 meter muddy, matrix supported conglomerate interval at 
the 340 meter level which was not found in the other two sections (Appendix C). This 
interval contains several very sandy/muddy clast supported to matrix supported 
conglomerate units which coarsen upward (Figure 18). The clasts in this part of the section 
are typically subrounded with a relatively large proportion of angular clasts.
Hundreds of meter scale (laterally) bedforms are apparent throughout the three 
sections suggesting large scale bar sets. These bar sets appear to have amplitudes of two to 
four meters and wavelengths on the tens of meters scale. Most of the bedding is lenticular 
at the hundreds of meters scale. Millimeter to centimeter scale planar lamination and one to 
two meter scale trough cross-beds (locally festooned) with mantling pebbles or cobbles are 
common, giving the sandstones a flaggy appearance (Figures 19 and 20). The siltstones 
and mudstones are a greenish gray color, typically fissile or planar laminated, and contain 
abundant wood fossils and leaf impressions. The contacts between units are scoured and
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eroded and pebble or cobble lags are common in the sandstone layers. Lateral facies 
changes are extreme, units could not be traced for more than a few hundred meters before 
pinching out or grading into a different lithology.
In addition to the large stratigraphie sections, decimeter scale detailed sections were 
also measured at the HNW and HNE locations in order to document the finer scale features 
of the deposits (Appendices B-E). Small scale features include millimeter scale ripple 
crossbedded and planar laminated, medium to coarse grained sandstone; centimeter scale 
sand lenses within conglomerate; centimeter scale sandstone layers within siltstone and 
mudstone; and centimeter scale carbonate concretions (Figure 20).
Interpretations
The Lower-Middle Jurassic deposits of all three sections at Hyargas Nuur suggest 
coarse braided fluvial facies deposition. The very coarse grain size, poor organization and 
stacked nature of the conglomerate, meter scale trough cross-bedding of sandstone, 
lenticular bedding on the hundreds of meters scale, paucity of thick siltstone and mudstone 
intervals, and matrix supported debris flow deposits with highly angular cobbles (320 
meter level of HNW, Plate A) all suggest braided fluvial (channel fill) and debris flow 
deposition. This style of sedimentation is typical of the upper reaches of stream-dominated 
alluvial fan environments (e.g. Gloppen and Steel, 1981; Nilsen, 1982; DeCelles et al., 
1987; Nichols, 1987; Fillmore, 1991; Blair and McPherson, 1992; Ridgway and DeCelles, 
1993). The slight overall coarsening upward trend of the sediments (particularly evident at 
the HNW location), very coarse grain size, and thickness of section suggest progradation 
of the alluvial system and syntectonic deposition (e.g. Wiltschko and Dorr, 1983; Burbank 
et al., 1988; Fillmore, 1991; Schwans, 1995). Lateral facies changes make correlation of 
individual beds among sections difficult. This and logistical constraints did not permit the 
field party to walk out individual beds between sections.
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Paleocurrent Indicator Measurements
The 348 paleocurrent direction indicator measurements collected at the Hyargas 
Nuur locality suggest flow to the southwest throughout the sections (Plates 1, 2; Appendix 
A; and Figure 21). The vast majority of the measurements was taken on imbricated 
pebbles, with additional measurements acquired from on ripple cross-beds.
Provenance
Observations
Conglomerate clast compositions are uniform throughout the Hyargas Nuur study 
area. The cobbles and pebbles are predominantly pink or white granitic clasts, with a 
smaller proportion of mafic volcanic clasts and a few intermediate and sialic volcanic 
cobbles (Figures 18, 19, and 22). The composition of the cobbles appears to remain 
constant vertically throughout each of the sections.
Twenty-three samples were selected from the Hyargas Nuur location for 
pétrographie provenance analysis. See Plates 1, 2, and Appendix A for sample locations 
and Tables 1 and 2 for point count data. With a few exceptions, the samples from all three 
sections plot in the “Arc Orogen” field in (Jp-Lv-Lsm space and the “Continental Block” 
and “Magmatic Arc” field in Qm-F-Lt and Qt-F-Lt space (Dickinson, 1985) (Figure 23). In 
the provenance scheme of Dickinson and Suczek (1979) and Dickinson et al. (1983) the 
samples plot in the “Dissected Arc” and “Basement Uplift” fields in Qm-F-Lt space and the 
“Dissected Arc”, “Basement Uplift”, “Recycled Orogen”, and “Transitional Continental” 
fields in Qt-F-L space (Figure 23). The pétrographie data show few significant 
stratigraphie changes in provenance; however, the percentage of lithic volcanic grains 
increases upsection slightly at the expense of lithic sedimentary and lithic metamorphic 
grains within the HNE and HNW sections (Figures 24, 25, and 26).
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The majority of grains observed in thin sections from sandstone samples collected 
at Hyargas Nuur are angular, though several were subrounded to well rounded grains were 
observed (Figures 27 and 28). The feldspars, particularly the plagioclase grains, are highly 
altered to sericite, in some cases making positive identification difficult. Heavy minerals 
including zircon, pyroxene, and amphibole are abundant in the sandstone, with the heavy 
mineral fraction being as high as 14 percent in sample 92HN13. Pseudomatrix is well 
developed in most of the samples (Figure 27 and 28), typically involving lithic volcanic 
grains. Porosity is very low in all of the sandstone samples examined from Hyargas Nuur 
(Figures 27 and 28).
Interpretations
The provenance data suggests a mixture of magmatic arc, dissected arc, and 
continental block affinity sources (Figure 23). Possible source terranes containing 
lithologies of these types are exposed to the north within a few kilometers of the Hyargas 
Nuur field sites in Hanhdhiy Uul. A significant percentage of Hanhdhiy Uul north of the 
field area consists of Cambrian granitic, andesitic, and mafic volcanic rocks (Dergunov et 
al., 1983; Dergunov and Luvsandanzan, 1984; Yanshin, 1989). "Pre-Cambrian" 
metamorphic rocks have also been reported by Dergunov et al. (1983), Dergunov and 
Luvsandanzan (1984), Yanshin (1989) in Hanhdhiy Uul, although recent published U-Pb, 
Rb-Sr, and Sm-Nd isotope data suggests these rocks may actually be Paleozoic 
(Fedorovskii et al., 1995). The coarse nature of the strata, angular shape of sand grains, 
similarities between sandstone compositions and adjacent bedrock, and south-verging 
paleocurrent direction indicators all point to Hanhdhiy Uul as a proximal source for Lower- 
Middle Jurassic sediments deposited at Hyargas Nuur (Figures 21, 27, and 28).
OSHIN NURUU
Sedimentology and Stratigraphy
Observations
The Oshin Nuruu field site is located along the southwest slope of Jargalant Uul, 
approximately 30 kilometers southeast of Har Us Nuur along the western margin of the 
Lake Zone, west-central Mongolia (Figure 8). Oshin Nuruu was not visited by the 1992 
field party. The location was chosen for study during the 1995 field season based on 
descriptions of Lower-Middle Jurassic non-marine sedimentary rocks in this area by the 
Joint Soviet-Mongolian Geological Expedition (Devyatkin et al., 1975), the knowledge of 
local geology of field party member D. Badamgarav, and its proximity to the Jargalant 
location.
Two sections were measured at Oshin Nuruu: Oshin Nuruu North (ONN) (N47® 
30* 34.8” E92® 22’ 28”) (Plate 3); and Oshin Nuruu South (ONS), located several 
kilometers south of ONN (N47® 29’ 02.2” E 92® 23’ 18.1”) (Plate 4). Approximately 645 
meters of Lower to Middle Jurassic section was measured at the ONN location and 450 
meters is exposed at ONS. Detailed stratigraphie sections were not measured at the Oshin 
Nuruu location because the two large sections were measured with decimeter scale 
resolution. The sections are covered at the base by modem alluvium and unconformably 
overlain at the top by Neogene lacustrine deposits (Devyatkin et al., 1975; Yanshin, 1989) 
(Figures 29 and 30).
The Oshin Nuruu sections contain abundant sandstone, with lesser amounts of 
pebble conglomerate and siltstone (Figures 31 and 32). The ONN section appears to have 
similar grainsize throughout the section, while the overall grainsize in the ONS section 
fines upward slightly (Plates 3 and 4; Figures 29 and 30). The sandstone intervals are 
typically several decimeters to several meters in thickness and grainsize ranges from fine to
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very coarse, with most sandstone falling in the medium to coarse grained range. Pebble 
clasts, pebble stringers, pebble lags, and conglomerate lenses are common throughout the 
sandstone as are wood fragments and leaf imprints (Figures 33 and 34). Sedimentary 
structures within the sandstone intervals include abundant trough cross-bedding, typically 
one to five decimeters in relief and one to three meters across with pebble layers defining 
the base of the troughs. Meter scale channel deposits are common (Figure 35). In 
addition, millimeter to centimeter scale planar lamination characterize Oshin Nuruu 
sandstone, as do centimeter scale ripple cross-stratification, convoluted sandstone intervals 
(more common at the ONN locality), and several massive sandstone units.
The pebble conglomerate contains clasts typically one centimeter in diameter or 
smaller, although a few clasts as large as 20 centimeters are present. Most conglomerate is 
clast supported, though several conglomerate beds between the 85 and 115 meter level of 
the ONS section were observed to be muddy-matrix supported (Plate 4). The conglomerate 
is typically stacked and organized into bar sets on the meter scale, with larger pebbles 
mantling slip faces. Pebbles are typically subrounded and are fairly well sorted throughout 
both the ONS and ONN sections.
The siltstone observed at Oshin Nuruu is typically fissile or planar laminated and 
contains abundant woody debris, leaf imprints, and root casts. Locally abundant sandstone 
lenses are contained within the siltstone intervals. The vast majority of the contacts 
between all individual units are erosional throughout the sections. As at the Hyargas Nuur 
location, bedding observed at Oshin Nuruu is lenticular laterally on a scale of meters to 
hundreds of meters, making stratigraphie correlation between the ONN and ONS sections 
difficult.
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Interpretations
The strata exposed at the ONS section suggest a facies change from coarse braided 
fluvial facies to what appears to be a shallow sandy braided fluvial system with intervening 
muddy overbank deposits. This interpretation is based on coarse grain size, narrow, 
deeply incised channels, and matrix supported debris flow deposits typical of alluvial fan 
deposition which are exposed in the basal part of the section (85 to 115 meter level, Plate 4) 
(e.g. Gloppen and Steel, 1981; Nilsen, 1982; DeCelles et al., 1987; Blair and McPherson,
1992) In contrast, meter scale sand channels, meter scale trough cross beds and bar sets, 
lenticular bedding on a scale of hundreds of meters, and conglomerate /sandstone 
interbedded with siltstone/mudstone suggestive of a braided fluvial environment are 
exposed in the upper part of the section (e.g. Smith, 1970, 1971, 1972; Cant, 1982; 
Collinson, 1986; Schmitt et al., 1991; Bromley, 1992). At the ONN location, only the 
sandy braided fluvial facies is present; no matrix supported debris flow deposits were 
observed (Plate 3). Because none of the beds exposed at Oshin Nuruu were walked out 
laterally between sections it is difficult to determine how the two sections correlate 
specifically, but ONN appears to be quite similar in depositional style to the sandy braided 
fluvial facies of the ONS section.
Paleocurrent Indicator Measurements
Paleocurrent direction indicator measurements suggest a fairly broad scatter of flow 
direction (Plates 3 and 4; Figure 21). The 105 unidirectional measurements indicate a 
southwesterly trend and the 32 bidirectional indicator measurements show both northeast- 
southwest and northwest-southeast trends. The paleocurrent data collected at Oshin Nuruu 
show no variation vertically within the section.
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Provenance
Observations
The conglomerate intervals at Oshin Nuruu contain a large amount of metamorphic 
clasts (schists and gniesses) with varying proportions of granitic and mafic volcanic clasts. 
No stratigraphie trends in the provenance of the conglomerate clasts were observed in the 
field.
Point counts were performed on 18 samples from Oshin Nuruu, six from ONS, 
and 12 from ONN (see Plates 3 and 4 for sample locations and Tables 3 and 4 for point- 
count data). The samples plot between the “Continental Block”, “Recycled Orogen”, and 
“Magmatic Arc” fields in Qm-F-Lt space, within the “Magmatic Arc” field in Qt-F-Lt space, 
and within the “Collision Suture and Fold and Thrust Belt” and “Arc Orogen” fields in Qp- 
Lv-Lsm space (Dickinson, 1985) (Figure 36). Using the Dickinson and Suczek (1979) 
and Dickinson et al. (1983) classification, the sands plot mainly in the “Recycled Orogen” 
field in Qt-F-Lt space and the “Dissected Arc” field in Qm-F-Lt space (Figure 36). The 
percentage of lithic metamorphic grains increases slightly upsection at both the ONN and 
ONS sections, otherwise provenance remains consistent throughout the sections (Figures 
37 and 38).
In thin section, the majority of the grains are highly angular (Figures 39 and 40). 
With a few exceptions, sandstone samples collected from the upper part of the sections 
contain a significant percentage of carbonate cement (Figure 39), while samples collected 
lower in the sections contain little to no carbonate cement and fairly well developed 
pseudomatrix typically involving lithic volcanic and metamorphic grains (Figure 40). 
Porosity is relatively high in samples collected throughout the sections (up to 10% of grain 
count). Both potassium feldspar and plagioclase grains show significant alteration and are 
typically altered to sericite.
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Interpretations
Both macroscopic and microscopic provenance observations suggest a source 
region with a significant metamorphic affinity (Figures 36, 37, and 38). Vendian- 
Cambrian metabasalts (greenstones) were reported by Yanshin (1989) to the east and west 
of the Oshin Nuruu locality. The schistose and gniessic clasts mentioned above may have 
been derived from the northwest, where Vendian-Cambrian metamorphic rocks crop out 
(Yanshin, 1989). The latter source area does not agree precisely with the paleocurrent data, 
which suggests flow from the northeast. Cenozoic faulting may have rotated the outcrop, 
however, because the lower Mesozoic-Cenozoic contact at Oshin Nuruu was mapped as a 
thrust fault by Cunningham et al. (1996a) (Figure 92), Alternatively, it is possible that the 
modem distribution of Vendian-Cambrian metamorphic rocks cropping out is different 
from the outcrop pattern of these rocks during the Jurassic, when Vendian-Cambrian 
metamorphic rocks may have been exposed northeast of Oshin Nuruu.
Cambrian granites are common throughout this part of Mongolia (Yanshin, 1989), 
explaining the granitic clasts in the conglomerate and the “Dissected Arc" and “Recycled 
Orogen” results from the pétrographie plots after Dickinson and Suczek (1979) (Figure 
36). The angular texture of the grains in thin section also suggests deposition without 
significant transport distance (Figures 39 and 40).
JARGALANT
Sedimentology and Stratigraphy
Observations
The Jargalant field locality is located along the southwest slope of Jargalant Uul, 
approximately 50 kilometers southeast of Har Us Nuur along the western margin of the 
Lake Zone, west-central Mongolia (Figure 8). Jargalant was originally visited by the 1992 
Stanford-Mongolia field party and chosen for re-study in 1995 due to the quality of 
exposure, continuity of section, and relatively simple structure of Lower-Middle Jurassic 
section at the site (Hendrix et al., 1993).
One 1180 meter thick section of Lower-Middle Jurassic non-marine siliciclastic 
rocks was measured at the Jargalant site (N47° 29’ 17”, E92° 34* 26”) (Plate 5), which 
corresponded to the section measured at reconnaissance level by the 1992 field party. Two 
decimeter scale detailed sections were also measured to document specific depositional 
styles (Appendix F and Plate 6). The base of the overall section appears to be in 
depositional contact with Vendian-Lower Cambrian mafic volcanics/metabasalts (Yanshin, 
1989; Cunningham et al., 1996b), but the contact may be locally shear modified. The 
upper part of the section is structurally disturbed and unconformably overlain by clastic 
rocks reported to be of Neogene age by Cunningham et al. (1996b) and Yanshin (1989).
The Lower-Middle Jurassic deposits exposed at the Jargalant location show a 
distinct upward fining trend from very coarse cobble-boulder conglomerate at the base 
through a coarse grained sandstone interbedded with siltstone to coarse/medium grained 
sandstone interval where sandstone is interbedded with siltstone, mudstone, and coal (Plate 
5 and Figure 50).
The coarse cobble-boulder conglomerate interval is approximately 640 meters thick 
and fines upward gradually from a basal conglomerate with clasts up to 1.35 meters in
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diameter to cobble conglomerate with a maximum clast size of approximately 20 
centimeters in diameter (Plate 5; Figures 41 and 50). The conglomerate is clast supported 
in a coarse sandstone matrix. Clasts are rounded to sub-rounded, with angular clasts 
dispersed throughout the lower portions of the section (Figure 41). The conglomerate is 
poorly organized in the lower 200-300 meters of the section. The conglomerates gradually 
become organized into well defined bar sets with relief on the order of several meters to 
less than ten meters and plane beds at approximately the 300 meter level. The proportion of 
sandstone also increases up section, with beds and lenses of trough cross-bedded or planar 
laminated coarse sandstone typically with pebble/cobble lags common toward the 6(X) meter 
level. The conglomerate is lenticular on a scale of hundreds of meters, and individual 
layers commonly fine up-section. Cobble imbrication and fossilized wood are common 
throughout the interval.
The sandstone/siltstone interval begins rather abruptly at the 640 meter level with 
the first appearance of abundant siltstone layers and the disappearance of thick cobble 
conglomerate units (Plate 5; Figures 42 and 50). This interval also fines up section, and 
grades into the upper sandstone-mudstone-coal interval at approximately the 900 meter 
level (Plate 5 and Figure 50), The sandstone of this interval is medium to coarse grained 
with meter scale trough cross-beds commonly mantled by pebbles. Decimeter scale, well 
organized and well sorted pebble conglomerate occurs as interbeds and lenses within 
sandstone layers and commonly defines meter scale bar sets (Appendix F; Figures 43 and 
44). Fossilized wood and plant fragments also occur throughout the interval. The 
interbedded siltstone is brown or gray in color and commonly contains sandstone lenses or 
interbeds. The sandstones are typically fissile or planar laminated and contain abundant 
plant fragments.
The uppermost 300 meters of section at Jargalant consist of several upward fining 
sequences of coarse to medium grained sandstone, siltstone, mudstone, and coal (Plates 5
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and 6; Figures 45, 46, and 50). In order to better characterize the relationships among 
these lithologies, a detailed section was measured at decimeter scale resolution (Plate 6). 
The sandstone units are typically trough cross-bedded on a meter scale with centimeter 
scale ripple cross-bedding (Plate 6 and Figure 47). Convoluted bedding is also abundant 
throughout the upper part of this interval (Plate 6 and Figure 48). Coalified wood 
fragments are present throughout the sandstone layer. The sandstones grade within a few 
tens of meters to green or gray siltstones which are blocky and fissle and contain abundant 
woody debris (Figure 49). Within each siltstone are local centimeter scale lenticular 
sandstone layers. The siltstones are typically a few meters in thickness and grade over a 
few centimeters to dark gray or brown mudstone. The mudstones are typically no more 
than 50 centimeters in thickness and grade to coal seams over a few centimeters. Coal beds 
are up to 30 centimeters thick and grade back into mudstone before being truncated by the 
basal sandstone of the next sequence (Figure 45). Three of these fining-upward sequences 
were included in the detailed measured section (Plate 6).
Interpretations
Lower to Middle Jurassic deposits exposed at the Jargalant location suggest a facies 
change from a coarse-grained braided fluvial environment through a sandy braided fluvial 
environment to a fine-grained meandering fluvial facies (Figure 50). The deposits exposed 
in the basal coarse-grained braided fluvial portion of the section (lower 600 meters of the 
section) appear to be very similar in sedimentary style and depositional environment to 
those described for the Hyargas Nuur locality. These deposits grade rather abruptly into a 
sandy braided fluvial style of deposition (600-900 meter level), similar to the deposits 
exposed at the Oshin Nuruu location (Plate 5). The fining upward sequences of the upper 
part of the section contain point bar lateral accretion surfaces, channel migration deposits, 
coal, and overbank deposits diagnostic of a meandering fluvial environment (e.g. Gersib
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and McCabe, 1981; Cant, 1982; Davis, 1983, ; Smith, 1987). This interpretation is based 
in part on the repeating intervals of trough, ripple, and epsilon cross bedded sandstone 
illustrated in Appendix F. Evidence of soft sediment deformation and sharp, erosive lower 
contacts with pebble lags which fine to siltstone, mudstone, and coal are also suggestive of 
a meandering fluvial environment. Decimeter scale tabular sandstone layers within the 
siltstone suggest crevasse splay deposition, a common feature in meandering fluvial 
systems (e.g. Bridge, 1984; Dubiel, 1992).
The overall fining upward sequence transition from braided to meandering fluvial 
strata of the Jargalant section suggests a retrograding alluvial system in a tectonic 
environment in which erosion exceeds uplift (e.g. Flemings and Jordan, 1990; Schwans,
1995). Alternatively, this change in sedimentary style could also be explained by a change 
in erosion brought about by a shift to a more humid climate, which would increase rates of 
chemical erosion, enhance colonization of river banks by stabilizing plants, and increase the 
discharge associated with the sedimentary system (Schumm, 1981; Drummond et al.,
1996). Coal formation, abundant woody detritus and leaf imprints found throughout the 
section reflect a humid, well vegetated environment.
Paleocurrent Indicator Measurements
Unidirectional paleocurrent direction indicator measurements (n=163) suggest flow 
to the southeast, with southwest flow suggested at two locations within the cobble/pebble 
conglomerate interval (Figure 50). Bidirectional indicator measurements (n=68) suggest 
flow to the southeast-northwest. The majority of the unidirectional measurements were 
collected from imbricated pebbles, and the bidirectional measurements were collected from 
elongate fossil wood fragments.
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Provenance
Observations
Cobbles and pebbles throughout the Jargalant section are granitic, with a 
subordinate proportion of mafic volcanic clasts which are more frequent near the base of 
the section (Figure 41). A few intraclasts of sedimentary origin identical to the matrix 
(intraformational) were also found (sample 95JA604).
Point counts were performed on 20 sandstone samples from Jargalant, eight of 
which were collected in 1992, and 12 in 1995 (see Plate 5 for sample locations and Tables 
5 and 6 for point-count data). Using the provenance determination scheme of Dickinson 
(1985) the samples plot between the “Continental Block”, “Recycled Orogen”, and 
“Magmatic Arc” fields in Qm-F-Lt space, and although quite scattered, plot typically within 
the “Arc Orogen” field in Qp-Lv-Lsm space (Figure 51). The samples plot within the 
“Dissected Arc”, “Mixed” and “Uplifted Basement” fields in Qm-F-Lt space and the 
“Recycled Orogen” field in Qt-F-Lt space (Dickinson and Suczek, 1979; Dickinson et al., 
1983) (Figure 51). The composition of the sandstone remains fairly consistent throughout 
the section (Figure 52). The percentage of lithic volcanic grains is slightly higher in 
sandstone samples from the basal part of the section, coincident with the relatively 
abundant mafic volcanic cobbles observed in outcrop (Figures 52 and 54).
The majority of the grains are subangular to angular in thin section, with a small 
number of subrounded grains (Figures 53 and 54). The feldspars are typically highly 
altered. Pseudomatrix development is evident typically involving lithic volcanic grains, and 
porosity is very low. Biotite and muscovite are also common as psuedomatrix.
Interpretations
The composition of cobbles observed in outcrop suggest a plutonic igneous 
sediment source region. Middle to Upper Cambrian granites shown by Yanshin (1989) to
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be a few kilometers to the west of the Jargalant section are a likely sediment source. 
Although the section appears to be in depositional contact with mafic volcanic rocks, clasts 
of this affinity are not abundant within the basal conglomerates. This lack of mafic volcanic 
provenance is likely due to the chemical instability of basalts (and greenstones) in the 
weathering environment and is common in sediments deposited adjacent to mafic volcanics 
(Ingersoll, 1984). Lithic volcanic grains do, however, comprise a significant percentage of 
total lithics in the sandstone, especially apparent in sandstone from the basal part of the 
section (Figure 52), suggesting these mafic rocks were probably a major sediment source. 
The angularity of the grains in thin section and presence of biotite grains also suggest a 
small degree of weathering suggesting a proximal sediment source (Figures 53 and 54). 
Unlike the Oshin Nuruu section, metamorphic cobbles or sandstone grains are not 
abundant, suggesting the source terrain for the deposits at Jargalant is different than the 
sediment source for Oshin Nuruu.
DARIV
Stratigraphy and Sedimentology
Observations
By far the most complete Mesozoic stratigraphie section visited by the 1995 field 
party was the Dariv section, which contains approximately 1500 meters of well exposed, 
Lower-Middle Jurassic through Lower Cretaceous non-marine strata. The Dariv locality is 
located about 15 kilometers southwest of the town of Dariv in the eastern foothills of the 
Altai Mountains in the southeastern part of the Lake Zone (Graham et al., in press) (Figure 
8). The area was visited by the 1992 party and re-visited in 1995 to further document this 
exceptional locality.
Mesozoic strata exposed at Dariv are subdivided into five formations: The Lower to 
Middle Jurassic Jargalant Formation, the Upper Jurassic Dariv Formation, the Upper 
Jurassic-Lower Cretaceous Hhkes Nuur Formation, the Lower Cretaceous Gurvan Ereen 
Formation, and the Lower Cretaceous Zerik Formation (Khosbayar, 1973; Devyatkin et 
al., 1975; Graham et al., in press) (Plate 7). According to Devyatkin et al. (1975) the 
Mesozoic rocks lay unconformably atop Paleozoic volcanic rocks, but this contact was not 
visited in 1992 or 1995 (Hendrix et al., 1993; Graham et al., in press), Cenozoic deposits 
are in unconformable contact with the Mesozoic units at the top of the section (Hendrix et 
al., 1993). In addition to the 1500 meter section measured in 1992 through the Mesozoic 
strata at Dariv (N46° 21’ 34.6”, E94° 06’ 35.3”) (Hendrix et al., 1993) (Plate 7), a detailed 
section was measured through the Dariv Formation (Graham et al., in press) (Appendix 
G), and a 226 meter section was measured through the Zerik Formation a few kilometers 
south of the 1992 main section (Plate 8). Several detailed sections were also measured 
within the Zerik Formation to document the small-scale feature of the strata (Appendices H- 
K and Plate 9).
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Approximately 200 meters of the Jargalant Formation was measured by the 1992 
field party; the formation was not visited in 1995 (Plate 7). The age of the formation was 
reported by Devyatkin et al. (1975) , who found Early to Middle Jurassic (pre-Callovian) 
ostracods and plants throughout the unit (Graham et al., in press). According to Hendrix 
(1995, per. com.), the interval consists of interbedded sandstones, siltstones, and 
mudstones broadly similar to those described for the upper portion of the Jargalant 
measured section (Figures 55 and 56). At Dariv, the Lower-Middle Jurassic deposits are 
less well exposed and no coal seams were observed. The sandstone is trough cross­
bedded (typically with pebbles or very coarse sand mantling the troughs), ripple cross­
bedded or planar laminated and averages about 30 to 50 centimeters in thickness. The 
interbedded siltstone is green or gray in color and contains abundant plant material. The 
mudstone is also typically green or gray in color and contain abundant carbonized plant 
fragments and carbonate concretions.
The Dariv Formation appears to be in disconformable contact with the Jargalant 
Formation (Khosbayar, 1973). Khosbayar (1973) reported Late Jurassic (Callovian and 
Oxfordian) fresh-water pelecypods from the formation. Additionally, the remains of a 
possible Late Jurassic sauropod Mamenchisaurus were discovered by the 1995 field party 
(Graham et al., in press) (Figures 57 and 58). The Dariv Formation is an overall upward 
fining sequence grading from medium/coarse sandstone at the base to red siltstone and 
mudstone in the upper reaches of the unit (Appendix G, Figures 59 and 60). The 
medium/coarse pebbly sandstone units are locally trough cross-bedded, contain local bar 
sets and parallel lamination, and are in erosive contact with underlying units (Figures 61 
and 62). Pebbles commonly mantle the troughs and foresets. The sandstone is 
interbedded with decimeter scale massive (pedo-turbated (Graham et al., in press)) red 
siltstone and mudstone and is lenticular over tens to hundreds of meters (Figures 59 and 
60). Decimeter scale carbonate concretions and lenticular caliche beds are common
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throughout the lower part of the formation. Red siltstone and mudstone gradually make up 
a larger proportion of the deposits upsection. These fine grained rocks are interbedded 
with decimeter to meter scale sandstone beds which are similar to those described for the 
lower part of the unit. Dinosaur bones are abundant throughout the upper part of the 
section both in the mudstone and siltstone and in the sandstone, in which they frequently 
are found mantling foresets or trough cross-beds (Figure 61). Rounded centimeter scale 
clasts which appear to be gastroliths commonly occur as float in the upper part of the 
section (Graham et al., in press). Carbonate nodules are more common upsection, and two 
several meter thick caliche-carbonate beds which are laterally continuous are present near 
the top of the formation (Figure 59).
In erosional contact with the Dariv Formation is the Upper Jurassic-Lower 
Cretaceous Ilhkes Nuur Formation (Plate 7). The Hhkes Nuur Formation is undated at 
Dariv, but Khosbayar (1973) reported Upper Jurassic-Lower Cretaceous phyllopods and 
charophytes elsewhere in western Mongolia where the Ilhkes Nuur Formation crops out. 
According to Khosbayar (1973) the flora and fauna recovered from the Ilhkes Nuur 
Formation are characteristic of the Kimmeridgian-Tithonian of Eurasia and North America. 
The Ilhkes Nuur consists of approximately 600 meters of stacked, interbedded 
conglomerates and coarse grained sandstones (Plate 7, Figures 63 and 64). Grainsize is 
uniform stratigraphically throughout the formation, with clast sizes ranging from pebbles to 
meter scale boulders (Figures 55, 56, and 57). The conglomerate of the Ilhkes Nuur 
Formation is typically 50 centimeters to a few meters in thickness and is laterally 
discontinuous over tens to hundreds of meters. Pebbles and cobbles are in clast support 
(coarse sand to pebble matrix) and imbrication is common (Figure 65), The clasts are 
typically angular to subangular, with a small proportion of rounded clasts Figures 65 and 
66). Many of the sandstone layers are parallel laminated and most contain pebble clasts, 
pebble stringers and pebble lags. Several of the sandstone intervals are trough cross­
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bedded with mantling pebbles, as are a few of the conglomerate beds. Much like the 
conglomerate, the sandstone is laterally discontinuous over a few tens to hundreds of 
meters.
The Ilhkes Nuur-Gurvan Ereen contact is gradational, with coarse grained pebbly 
sandstone characteristic of the Ilhkes Nuur Formation interbedded with shale and siltstone 
of the Lower Cretaceous Gurvan Ereen Formation. The Gurvan Ereen is approximately 
200 meters thick and contains Upper Jurassic (Tithonian)-Lower Cretaceous fish, 
phyllopods, ostracods, moliusks, insects, and a small omithischian dinosaur (Khosbayar, 
1973) (Plate 7). The unit is composed predominantly of fine grained gray shale and 
siltstone with local centimeter scale interbedded sandstone and siltstone intervals toward the 
top of the formation. Red siltstone is also present toward the base of the unit, interbedded 
with pebble conglomerate and sandstone as mentioned above. The basal sandstone is 
ripple cross-stratified at the centimeter scale. Siltstone in the Gurvan Ereen is typically 
massive, and shale is commonly characterized by millimeter scale plane lamination. 
Toward the middle of the unit is a ten meter thick shale unit with millimeter-scale parallel 
lamination (Figure 68). This shale contains abundant fish, ostracod, and insect fossils 
(Figure 69). The upper part of the Gurvan Ereen Formation is made up of interbedded 
massive siltstone and silty shale. Decimeter scale layers of green shale and ripple cross­
bedded siltstone along with planar laminated siltstone also occur throughout the upper part 
of the formation (Figure 70).
The upper most Mesozoic unit is the Lower Cretaceous Zerik Formation, which is 
approximately 350 meters thick (Plates 7 and 8). Khosbayar (1973) reported Lower 
Cretaceous (Albian-Aptian) fresh-water moliusks, phyllopods, and ostracods from the 
Zerik Formation. The contact between the Gurvan Ereen and the Zerik is conformable, 
marked by a three meter thick well sorted massive to planar bedded sandstone layer (Figure 
70). The Zerik is made up predominantly of light gray or yellow siltstone and mudstone
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with sporadic meter scale sandstone beds (Figure 71). The sandstone contains ripple 
cross-beds at the centimeter scale, meter scale trough cross stratification, planar lamination, 
convoluted bedding, and a few desiccation-cracked surfaces (Figures 72 and 73, Appendix 
J). Pebble stringers and decimeter scale pebble conglomerate intervals and lenses are also 
common within the sandstone layers. The shale is typically fissile or massive and the 
siltstone is usually massive or plane laminated. Centimeter scale gypsum layers are 
common near the top of the measured section. Oligocene redbeds overlie the Zerik 
Formation (Khosbayar, 1973).
Interpretations
Lower-Middle Jurassic through Lower Cretaceous strata exposed at the Dariv 
location contain several facies changes as well as a fundamental change in paleocurrent 
direction indicator trends (Plate 7, Figure 74). The meandering fluvial facies indicated by 
the Lower-Middle Jurassic Jargalant Formation appears to be quite similar to the 
environment of deposition of the Lower-Middle Jurassic sediments exposed in the upper 
part of the section measured at the Jargalant location (Hendrix, 1995 per. com.). The 
Jargalant Formation at Dariv does not appear to contain the coal measures exposed at 
Jargalant, but upward fining sequences are characteristic of both locations.
Red colored siltstone, mudstone, and interbedded sandstone of the Upper Jurassic 
Dariv Formation suggest a shallow, sandy braided fluvial environment fining upward to a 
floodplain or mudflat depositional system (Graham et al., in press). The two meter-scale 
caliche units near the top of the Dariv Formation and the numerous smaller calcareous 
lenses throughout the unit suggest soil horizon formation (Figure 59).
The conglomerate of the Upper Jurassic-Lower Cretaceous Ilhkes Nuur formation 
suggests an abrupt change in depositional style. Fine grained braided fluvial deposits of 
the Dariv Formation are locally scoured by overlying coarse-grained braided fluvial strata
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of the Ilhkes Nuur, though an angular relationship between the two units was not 
observed. The very coarse grain size, lenticular sandstone units, fairly well organized and 
stacked conglomerate beds with abundant imbrication, large scale foresets, trough and 
planar cross-beds, and low percentage of fine-grained sands or siltstone are typical of the 
middle to lower alluvial fan facies (e.g. Gloppen and Steel, 1981; Nilsen, 1982; DeCelles 
et al., 1987; Nichols, 1987; Fillmore, 1991; Blair and McPherson, 1992; Ridgway and 
DeCelles, 1993).
The Lower Cretaceous deposits of the Gurvan Ereen and Zerik Formations suggest 
an oxic lacustrine or playa depositional environment with small delta complexes with meter 
scale relief (Graham et al., in press). The contact between the Ilhkes Nuur and Gurvan 
Ereen suggests oxic lacustrine deposition adjacent to a topographic high, which has been 
documented both in foreland basins (e.g. DeCelles and Giles, 1996) and extensional basins 
(e.g. Friedmann et al., 1996). The Gurvan Ereen Formation consists of several meters of 
finely laminated shale with abundant fossils, suggestive of a deeper-water, locally anoxic 
lacustrine system (Fouch and Dean, 1982). The majority of the Zerik Formation consists of 
pastel colored massive or weekly laminated siltstone and mudstone which contains 
desiccation cracks locally and the fossils of fresh-water fauna suggestive of a well 
oxygenated lacustrine or playa environment (Graham et al., in press). The delta facies 
inteipretation for the interbedded sandstones common throughout the Zerik formation is 
based on trough and ripple cross-bedded sandstones with abundant foresets and evidence 
of channelization interbedded with desiccation-cracked and ripple cross-bedded siltstones; 
deposits which typically result from lobe-switching in a delta (e.g. Coleman and Prior, 
1982). The lenticularity of these deposits (on the hundreds of meter scale) suggests the 
deltas are relatively small features.
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Paleocurrent Indicator Measurements
Paleocurrent indicator direction measurements in the Jargalant and Dariv 
Formations suggest flow to the south-southeast, similar to the measurements from Jurassic 
deposits at the Jargalant location (Figure 74). Paleocurrent indicator measurements from 
the Ilhkes Nuur Formation show a shift in flow pattern in the uppermost Jurassic 
sediments. Measurement from the Ilhkes Nuur indicate flow to the north-northwest, and 
measurements from the Gurvan Ereen and Zerik Formations suggest flow to the north- 
northeast (Figure 74).
Provenance
Observations
Due to the fine grain-size in all other units, cobble composition observations were 
made only in the Ilhkes Nuur Formation at the Dariv locality. The conglomerates of the 
Ilhkes Nuur are polymictic, with varying proportions of granitic, mafic volcanic, and 
metamorphic clasts. Most of the meter scale clasts are basaltic (Figures 65 and 67).
Generally, the sandstones samples from all five formations analyzed 
petrographically plot within the “Magmatic Arc” field in Qm-F-Lt and Qt-F-Lt space and the 
“Arc Orogen” field in (Jp-Lv-Lsm space (Dickinson, 1985) and the “Dissected Arc” and 
‘Transitional Arc” fields in (Jm-F-Lt space and the “Recycled Orogen”, “Dissected Arc” 
and “Transitional Arc” fields in Qt-F-Lt space (Dickinson and Suczek, 1979; Dickinson et 
al., 1983) (Figure 75, Tables 7 and 8). The sandstones from the Ilhkes Nuur Formation 
contain a relatively high percentage of total lithics and a low percentage of total feldspars 
compared to samples from the other formations (Figure 76). The percentage of lithic 
volcanic grains increases rather abruptly at the midpoint of the Dhkes Nuur section, and 
gradually increases upsection through the Gurvan Ereen and Zerik Formations (Figure 76).
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Otherwise, the provenance data from sandstones collected throughout the Lower-Middle 
Jurassic through Lower Cretaceous section exposed at Dariv remains consistent.
Grain textures evident in thin section are quite consistent throughout the 
stratigraphie section. Sandstone samples consist of angular to sub-angular grains with a 
small percentage of sub-rounded to rounded grains. Carbonate cement is abundant in most 
of the sands (Figures 77-86). Two exceptions are the two samples collected from the 
Jargalant Formation, which have little to no carbonate cement, evidence of pseudomatrix 
development involving lithic volcanic grains, and a higher percentage of sub-rounded to 
rounded grains (Figures 77 and 78). Porosity is low to absent in all sandstone samples 
examined (Figures 77-86).
Interpretations
As with the provenance of the other three field locations, sandstone samples from 
throughout the section measured at the Dariv locality indicate a magmatic arc or mixed 
source (Figure 75). Yanshin (1989) reported Vendian-Cambrian greenstones and Riphian 
schists to the north of Dariv, Cambrian granitic rocks to the northwest adjacent to the 
Jargalant location, and Devonian granites a few kilometers to the southeast of the Dariv 
location. The southeast trending paleocurrent indicator direction measurement results for 
the Lower-Middle Jurassic Jargalant and Upper Jurassic Dariv Formations suggest that the 
Vendian-Cambrian and Cambrian rocks to the northwest were likely sediment sources for 
deposits of the Jargalant and Dariv Formations at Dariv (Figure 74). Paleocurrent indicator 
measurements suggest a change to northerly flow for the Upper Jurassic-Lower Cretaceous 
Ilhkes Nuur Formation and the Lower Cretaceous Gurvan Ereen and Zerik Formations 
(Figure 74). Along with this change in paleocurrent direction, the sandstones become more 
rich in lithic volcanic grains in these formations (Figure 76). This suggests possible uplift 
and unroofing of the Altai Mountain Range southwest of the field location, which presently
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consists of Cambrian felsic volcanics, Silurian and Devonian granites and minor pre- 
Riphian(?) metamorphics (Yanshin, 1989). Lithic volcanic grains may also be better 
represented in these upper units due to decreased chemical weathering as a result of source- 
proximal deposition. Source-proximal deposition is indicated by the style of sedimentation 
and paleocurrent indicator direction measurements (e.g. Suttner, 1974; Ingersoll, 1984, 
Mack, 1984). A change to a more arid climate could also explain this increase in lithic 
volcanic grain percentage (e.g. Suttner, 1981; Velbel and Saad, 1991).
SM-ND ISO TO PIC ANALYSIS
Results and Discussion
Samples analyzed for Sm-Nd isotopic composition from the Jargalant locality show 
two distinct trends in both epsilon^y and mantle derivation age (chondritic model age) 
(Figures 9, 10, and 87). The three sandstones and one siltstone analyzed have mantle 
derivation ages of 1.03 to 1.16Ga and negative epsilon^^ values ranging from -3.75+.31 to 
-4.79±.23 (Figure 9 and Table 9). These data suggest an old (at least IGa) source with an 
enriched affinity typically associated with continental crustal rocks (e.g. DePaoIo and 
Wasserburg, 1976; Faure, 1986; DePaolo, 1988; McLennan et al., 1993). The four 
granitic and basaltic cobbles analyzed have mantle derivation ages of 560Ma to 590Ma and 
positive epsilon^d values of 1.65+.27 to 4.99±.27 (Figure 9 and Table 9), suggesting a 
depleted or oceanic (mantle) affinity source (e.g. DePaolo and Wasserburg, 1976; Faure, 
1986; DePaolo, 1988; McLennan et al., 1993). The two granitic cobble samples have 
slightly lower epsilon^^ values than the two basaltic cobbles. The two Vendian-Cambrian 
mafic volcanic samples have mantle derivation ages of 390Ma and 5 lOMa and epsilon^^ 
results of 6.31 ±.31 and 6.79±.27, also suggesting a depleted mantle source (Figure 9 and 
Table 9).
These Sm-Nd model ages and negative epsilon^^ results for the cobbles and mafic 
volcanic samples correlate well with published Vendian through Upper Cambrian ages for 
igneous rocks of western Mongolia which are thought to be of oceanic, subduction related 
magmatic arc, or island arc affinity (Dergunov et al., 1980; Dergunov and Kheraskov, 
1982; Dergunov and Kheraskova, 1982; Suvorov, 1983, 1989; Mossakovsky and 
Dergunov, 1985; Kepezhinskas, 1986; Dergunov, 1988; Makarychev, 1988; Litvinovskii 
et al., 1989; Polyakov et al., 1989; Yanshin, 1989; Kepezhinskas and Kepezhinskas, 
1991; Bibikova et al., 1992; Gibsher and Terleev, 1992; Sengdr et al., 1993; Fedorovskii
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et al., 1995; Brasier et al., 1996; Vhomentovsky and Gibsher, 1996). The initial 
‘̂ ^Nd/'^Nd ratio (.51223), epsilon^^ (7.4), and mantle derivation age (610Ma) calculated 
using the isochron for the cobble and “basement” samples concur with published reports 
that these igneous bodies are Vendian-Cambrian subduction zone or island arcs (DePaolo 
and Wasserberg, 1977; Nelson, 1997, per. com.) (Figure 10). The relatively high 
epsilouj^d value suggests no mixing of ancient, continental material during pluton 
emplacement, which further suggests the basement of the Lake Zone (at least in this area) is 
not of continental affinity (e.g. DePaolo, 1981; Farmer and DePaolo, 1983; Nelson et al.,
1993).
Several possibilities exist for the discrepancies in age and epsilon^^ values of the 
sandstones and the cobbles/”basement”. The two most probable explanations are 1) the 
sandstones and siltstones may have sampled a more broad, diverse, and distal source 
terrain than is reflected by the cobble data, which because of their coarse grain size were 
presumably locally derived; 2) the conglomerates may contain cobbles with older mantle 
derivation ages and higher epsilon^^ values which were not sampled for isotopic analysis 
thus lending the appearance of very different isotopic signature between matrix and 
conglomerate clasts. If the sandstones and siltstones are sampling a more distal source, the 
model age and epsilon̂ ŝ y of this source could be significantly older and lower, respectively, 
than is suggested by the isotopic data. This hypothesis assumes that at least some 
percentage of the sediment is being derived from the local epsilon^^ positive and relatively 
young source from which the cobbles were derived, with the resulting isotopic signature 
being an average of all source regions (e.g. Allègre and Rousseau, 1984; Goldstien et al., 
1984; Heller et al., 1985; Frost and Winston, 1987; Frost and Coombs, 1989). 
Continental affinity rocks at least IGa have been reported within one hundred kilometers to 
the north of the Jargalant by (Yanshin, 1989), but recent U-Pb, Sm-Nd, and Rb-Sr 
isotopic evidence has suggested that no pre-Paleozoic rocks are be exposed in western
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Mongolia and the rocks which have been traditionally reported as pre-Paleozoic may in fact 
be Paleozoic (Fedorovskii et al., 1995). The closest rocks that have been confirmed with 
absolute dating techniques to be older than IGa crop out in southern Russia in the Siberian 
Craton (approximately 250 kilometers north of the field area), where continental affinity 
rocks older than 2.5Ga are exposed (Zorin et al., 1993a,b; Fedorovskii et al., 1995).
If the sandstones are locally derived, older as yet undated, negative epsilon^^ rocks 
may if be present in western Mongolia. Another alternative is that some of the alleged 
Early Paleozoic rocks which crop out in western Mongolia and have oceanic affinity may 
have incorporated older continental crustal material as they formed (e.g. DePaolo and 
Wasserburg, 1976, 1977; Farmer and DePaolo, 1983; O'Nions et al., 1983; DePaolo, 
1988; Leat et al., 1990; Nelson et al., 1993; Fedorovskii et al., 1995). If the basement of 
western Mongolia is in fact Pre-Cambrian continental affinity rock (see “Geologic Setting” 
pg. 5-6), mixing of continental material and oceanic affinity magma would yield Sm-Nd 
model ages older than the actual age of pluton crystallization and epsilon^j lower than 
expected in the resulting igneous bodies, a geochemical signature which would also be 
reflected in sediments derived from these bodies (e.g. Farmer and DePaolo, 1983; Basu et 
al., 1990; Linn et al., 1991, 1992; Nelson et al., 1993). Plutonic rocks with inherited 
zircons suggestive of this mixing phenomenon have been reported from the Datibi Range 
of northwestern Mongolia (Figure 6) and the Lake Baykal Region of southern Siberia 
(Fedorovskii et al., 1995).
The pétrographie provenance data seems to support the theory that the sandstones 
are a sampling of a distal and heterogeneous source. The sandstone samples from Jargalant 
plot as having a mixture of continental and magmatic arc sources. Needless to say, 
significantly more geochemical analysis needs to be conducted throughout western 
Mongolia before the provenance of these sediments can be further constrained.
REGIONAL INTERPRETATIONS
Sedimentology and Stratigraphy
As mentioned within the area descriptions, the lack of distinguishable marker beds 
within Mesozoic strata exposed throughout western Mongolia hampers stratigraphie 
correlations between individual sections. This characteristic lack of marker beds in addition 
to poor chronostratigraphic control also makes lithostratigraphic correlations among the 
four field areas difficult on any but the most general level. Generally (with the exception of 
the Dariv locality), Lower-Middle Jurassic deposits suggest source-proximal alluvial 
deposition which fines upward through braided fiuvial to a meandering fluvial 
environment. In order to put these sediments and the younger alluvial and lacustrine 
deposits exposed at the Dariv location into a tectonic or climatic framework, comparisons 
with relatively well documented strata of northwest China are necessary, because detailed 
structural and subsurface studies necessary for this type of classification have not as yet 
been performed or published for the basins of western Mongolia (Penttila, 1992, 1994; 
Tray nor and Sladen, 1995).
Mesozoic nonmarine siliciclastic deposits of western Mongolia are quite similar to 
coeval strata of the Tarim, Junggar, and Turpan basins of northwest China (Figures 88 and 
89). The pattern of sandy braided fluvial fining upward to coal bearing meandering fluvial 
facies similar to the Oshin Nuruu (sandy braided fluvial facies only) and Jargalant localities 
is seen in the Lower-Middle Jurassic sediments of northwest China (Lee, 1985a,b; 
Hendrix, 1992; Hendrix et al., 1992). The Upper Jurassic through Lower Cretaceous 
facies pattern of redbeds overlain by coarse conglomerate and oxic lacustrine deposits 
exposed at Dariv is also very similar to time-equivalent deposits of northwest China (Lee, 
1985a,b; Hendrix, 1992; Hendrix et al., 1992) (Figure 88). Coarse-grained braided fiuvial 
deposits similar to those exposed at Hyargas Nuur and the basal part of the Jargalant
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section have not been reported from the Lower-Middle Jurassic of the Tarim, Junggar, or 
Turpan basins (Hendrix et al., 1992).
Tectonic Setting
The similarities in sedimentary style of the Lower-Middle Jurassic through Lower 
Cretaceous strata of western Mongolia and northwest China suggest the two areas probably 
recorded the same tectonic and/or climatic events (Hendrix et al., 1993; Sjostrom, 1996; 
Graham et al., in press). As mentioned earlier (“Introduction”, pg. 1-2), the Mesozoic 
basins of northwestern China have been classified as collisional foreland-style basins (e.g. 
Graham et al., 1993). There is little disagreement in the literature that the basins of 
northwestern China and western Mongolia were foreland-style basins during the Lower- 
Middle Jurassic which formed as a result of subduction and accretion along the southern 
margin of Asia (e.g. Zhang et al., 1984; Watson et al., 1987; Allen et al., 1991; Hendrix, 
1992; Hendrix et al., 1992, 1993; Graham et al., 1993, in press;; Penttila, 1994; Tray nor 
and Sladen, 1995; Cunningham et al., 1996b; Zheng et al., 1996; Graham et al., in press).
Several features of the Lower-Middle Jurassic deposits and the regional tectonic 
regime also suggest a foreland basin setting for this age of strata in western Mongolia. 
These features include relatively thick, coarse grained strata suggestive of tectonic control 
of sedimentation (e.g. DeCelles et al., 1991). Linear orientation of exposed Lower-Middle 
Jurassic sediments and axial paleocurrent indicator directions (at Oshin Nuruu, Jargalant, 
and Daiiv) are both common both in underfilled foreland basins and extensional basins 
(e.g. Burbank et al., 1988; Jordan, 1995, Leeder, 1995) (Figure 90). Lower-Middle 
Jurassic strata examined in western Mongolia fines upward, an attribute which has been 
described in foreland basin settings (e.g. Flemings and Jordan, 1990) and extensional 
basin settings (e.g. Chapin and Cather, 1994). Additionally, the compressional tectonic 
regime dominant throughout the Lower-Middle Jurassic in central Asia suggests a foreland
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basin environment of deposition (e.g. Watson, et al., 1987; Hendrix et al., 1992) (Figures 
90 and 91). Lower-Middle Jurassic outcrop pattern suggests a paleo-Altai Range as the 
western margin and principle source of coarse-grained material for this basin (Figure 90).
The Hyargas Nuur location is a special case due to the southwesterly trend of the 
paleocurrent direction indicators and its position relative to other Lower-Middle Jurassic 
sediments in western Mongolia (Figure 21). Paleocurrent, sedimentology, and provenance 
data suggest Hanhohiy Uul as a positive physiographic feature during the Lower-Middle 
Jurassic. The deposits at Hyargas Nuur suggest paleo-Hanhohiy Uul as the possible 
northeastern margin of the Lower-Middle Jurassic western Mongolian foreland basin.
The coarse grain-size and change in paleocurrent indicator direction of the Upper 
Jurassic-Lower Cretaceous llhkes Nuur Formation at Dariv suggests proximal uplift of the 
paleo-Altai to the south-southwest. Two models have been proposed for the Upper 
Jurassic through Lower Cretaceous tectonic environment in northwest China and western 
Mongolia which may explain this uplift event; one proposes continued collisional foreland 
basin evolution (Graham et al, in press) and the other postulates the initiation of a regional 
extensional event (Penttila, 1994; Traynor and Sladen, 1995; Cunningham et al., 1996b).
The theory that Upper Jurassic through Lower Cretaceous basins of western 
Mongolia were compression related foreland basins is based on the interpretation of several 
pieces of information. Firstly, the docking of the Lhasa Block to the southern margin of 
the Asian continent probably took place in the Upper Jurassic-Lower Cretaceous, which 
would presumably provide a compressional driving force for the continuation of foreland 
style basin formation in the two areas (Watson et al., 1987; Hendrix et al., 1992; Graham 
et al., 1993; Zheng et al., 1996) (Figure 2). Secondly, Upper Jurassic through Lower 
Cretaceous subsidence analysis results from the Tarim and Junggar basins of northwest 
China have been interpreted as reflecting loading due to thrust sheet advancement in a 
foreland basin environment (Hendrix et al., 1992). Thirdly, Cenozoic thrust and transform
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faults which are abundant throughout western Mongolia and northwest China may be 
reactivated Mesozoic or earlier thrust and transform faults (Allen et al., 1991 ; Dobretsov et 
al., 1995; Hendrix 1995, per. com.; Traynor and Sladen, 1995; Cunningham et al., 1996b) 
(Figure 92).
A rift or extension related environment has been interpreted for the Upper Jurassic 
through Lower Cretaceous basins of western Mongolia based on the following: 1 ) Upper 
Jurassic and Lower Cretaceous basins of eastern China and southern Mongolia appear be 
extension related (e.g. Hefu, 1986; ()uanmao and Dickinson, 1986; Zorin et al., 1993b; 
Penttila, 1994; Sitian et al., 1995; Traynor and Sladen, 1995; Cunningham et al., 1996b; 
Hendrix et al., 1996), and Zorin et al. (1993b) and Traynor and Sladen (1995) believe this 
extensional event extended into western Mongolia; 2) Thin, alkalic basalts have been 
reported interbedded with Upper Jurassic sediments locally in the Lake Zone and 
interpreted as rift-related; however, no absolute isotopic age, nature of contact with 
sedimentary units, or exact location has been reported for these basalts (Shuvalov, 1968; 
Zorin et al., 1993b); 3) Gavrilova (1975) and Markova and Pavlenko (1972) reported 
Mesozoic extension-related intrusives throughout the western Altai (Cunningham et al., 
1996b).
Unfortunately, the sedimentary style of Upper Jurassic through Lower Cretaceous 
sediments exposed at Dariv is rather tectonically ambiguous (Plate 7 and Figure 76). The 
stratigraphy does not display the coarsening upward sequences typical of source proximal 
foreland basin deposition (e.g. Heller et al., 1988; Miall, 1990; Fillmore, 1991; DeCelles 
and Giles, 1996) (Plate 7). The lithologies exposed and longitudinal paleocurrent indicator 
directions can be found in both foreland and rift-related basins (e.g. Miall, 1981). 
Although further constraining the tectonic environment for these strata will be quite difficult 
without detailed structural and subsurface investigation, the dataset suggesting a
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compressional foreland basin for the Upper Jurassic through Lower Cretaceous strata of 
western Mongolia appears more convincing at present.
It is also possible that the Mesozoic basins of western Mongolia were strike-slip in 
nature, a tectonic style which has been proposed as possibly being significant in the 
formation of Mesozoic basins of northwest China and southern Mongolia (e.g. Quanmao 
and Dickinson, 1986; Watson et al., 1987; Dobretsov et al., 1995; Hendrix et al., 1996). 
This theory is based on the abundance of strike-slip basins which are found presently 
throughout the region which formed as a result of the India-Asia collision (Molnar and 
Tapponier, 1975; Tapponnier and Molnar, 1977, 1979; Allen et al., 1991; Baljinnyam et 
al., 1993; Dobretsov et al., 1995; Bayarsayhan et al., 1996; Cunningham et al., 1996a,b) 
(Figure 92). These faults could possibly be reactivated relict transform faults (Allen et al., 
1991; Dobretsov et al., 1995; Bayarsayhan et al., 1996; Cunningham et al., 1996a,b).
Alluvial fan, braided fluvial, meandering fluvial and lacustrine deposits have been 
described in strike-slip basin settings in western Canada (Long, 1981), southern Korea 
(Ryang and Chough, 1997), and California (May et al., 1993). Strike slip basins are 
generally relatively small features, with lateral extent on the tens of kilometers scale (e.g. 
Long, 1981; May et al., 1993; Nilson and Sylvester, 1995; Ryang and Chough, 1997), 
with a maximum size of approximately 50 kilometers (Nilson and Sylvester, 1995). 
Mesozoic sediments of western Mongolia appear to have been deposited in an elongate 
basin which was hundreds of kilometers in lateral extent; a feature typically associated with 
foreland or extensional basins (e.g. Miall, 1981; Chapin and Cather, 1994; Jordan, 1995; 
Leeder, 1995; DeCelles and Giles, 1996) (Figure 90). It is also possible the Upper 
Jurassic through Lower Cretaceous strata of western Mongolia was deposited in several 
small, isolated basins with similar sediment source regions. As with the rift basin origin, a 
strike-slip basin depositional environment cannot be ruled out without further investigation.
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Provenance
Cumulative pétrographie analysis results for Lower-Middle Jurassic through Lower 
Cretaceous normalized point count means plot in the “Arc Orogen" field in Qp-Lv-Lsm 
space, and the “Magmatic Arc” field in Qt-F-Lt space and Qm-F-Lt space using the 
classification scheme of Dickinson (1985) (Figure 93). Using the scheme of Dickinson et 
al. (1983) and Dickinson and Suczek (1979), normalized point count means plot within the 
“Dissected Arc” field in both Qm-F-Lt and Qt-F-Lt space (Figure 93). As mentioned for 
each field area, these results suggest unroofing and reworking of sediments derived from a 
Vendian-Cambrian volcanic arc. As with other basins in central Asia, a precise basin 
setting cannot be inferred from pétrographie data (Graham et al., 1993). The sandstone 
was not a result of erosion of a contemporaneous arc system as is inferred by the 
provenance classification after Dickinson and Suczek (1979), Dickinson et al. (1983), and 
Dickinson (1985), but rather the erosion of an uplifted, relict Late Proterozoic-Early 
Paleozoic arc. Sandstone provenance suggesting uplift of a pre-existing arc has been 
documented from the Mesozoic foreland basins of northwest China and southern Mongolia 
(e.g. Hendrix et al., 1992, 1996; Graham et al., 1993) and from strike slip basins in 
northwest Canada (e.g. Ridgway and DeCelles, 1993).
Sm-Nd isotopic provenance results from the Jargalant location suggest a possible 
source region as distant as southern Siberia (Figures 9, 10, and 87; Table 9). If this is the 
case, the basin in which the strata was deposited would have been fairly laterally extensive, 
on a scale of hundreds of kilometers. These results are consistent with (but do not require) 
deposition in a foreland basin foredeep with a distant source area (Figure 90). Irregardless 
of the basin type, the isotopic results suggest that the basin was not isolated from distant 
sediment sources.
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Climate
Because of the tremendous influence of climate upon sedimentary facies 
distribution, sedimentation pattern, and provenance signature (e.g. Velbel and Saad, 1991; 
Drummond et al„ 1996) a general climatic condition for the Lower-Middle Jurassic through 
Lower Cretaceous sediments of western Mongolia was investigated.
The sedimentary style of Lower-Middle Jurassic through Lower Cretaceous 
deposits of western Mongolia appear to be consistent with published climate interpretations 
for central Asia during that time. Specifically, the climate for the Lower-Middle Jurassic is 
thought to have been humid (e.g. Watson et al., 1987; Hendrix et al., 1992, 1994; Valdes, 
1993; Ziegler et al., 1993; Traynor and Sladen, 1995; Graham et al., in press). The coal 
measures exposed at the Jargalant locality and the abundant wood and plant detritus found 
in all Lower-Middle Jurassic sediments investigated supports this humid climate model.
Beginning with the upper Jurassic Dariv Formation exposed at the Dariv locality, a 
change to a less humid or seasonally wet climate is suggested. Evidence for this change 
includes redbed deposition, caliche carbonate formation, and Lower Cretaceous fossil-poor 
shallow oxic lacustrine or playa sedimentary style suggested by the strata of the Dariv, 
Gurvan Breen and Zerik Formations (Graham et al., in press). This Upper Jurassic-Lower 
Cretaceous change to a more arid or seasonal climate has been reported throughout central 
Asia (Watson et al., 1987; Hendrix et al., 1992; Barron et al., 1993; Spicer et al., 1993; 
Ziegler et al., 1993; Badamgarav et al., 1995; Sitian et al., 1995; Traynor and Sladen, 
1995; Graham et al., in press) due to a breakdown in regional monsoonal circulation 
(Hendrix et al., 1992).
CONCLUSIONS
This thesis reports the first detailed documentation of the Lower-Middle Jurassic 
through Lower Cretaceous nonmarine siliciclastic deposits exposed in the Lake Zone of 
western Mongolia. The following conclusions are based on this detailed field study and 
regional correlations with areas outside the field area:
1) Lower-Middle Jurassic sediments exposed at the Hyargas Nuur, Oshin Nuruu, 
Jargalant, and Dariv localities in western Mongolia suggest coarse stream-dominated 
alluvial, debris flow, braided fluvial, and meandering fluvial facies. These deposits 
typically display an overall fining upward trend and were deposited in a humid 
environment.
Upper Jurassic to Lower Cretaceous facies in erosive contact with Lower-Middle 
Jurassic meandering fluvial deposits, suggest coarse-grained alluvial and braided fluvial 
deposition. The coarse grained deposits grade abruptly to fine-grained oxic lacustrine or 
playa facies. Sedimentary style suggests a change to a less humid or seasonally-wet 
climate.
2) With the exception of Lower-Middle Jurassic coarse-grained conglomerates, the 
sedimentary style of Lower-Middle Jurassic through Lower Cretaceous strata exposed in 
western Mongolia is quite similar to that of coeval sediments exposed in the Tarim, 
Junggar, and Turpan basins of northwest China. This suggests the two areas have similar 
Mesozoic depositional histories and were probably responding to similar or the same 
tectonic and climatic events.
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3) Pétrographie provenance results indicate a mixed, magmatic, or dissected arc 
source. This suggests Vendian-Cambrian subduction related intrusives which are abundant 
throughout western Mongolia as a significant sediment source.
Sm-Nd isotopic analysis conducted on Mesozoic sandstone and siltstone, cobbles 
from Mesozoic conglomerates, and Late Proterozoic-Early Paleozoic "basement" from the 
Jargalant locality suggests the cobbles are locally derived while the sandstone and siltstone 
contain a significant percentage of distally derived material. Sm-Nd isotopic analysis on 
bedrock and cobble samples concurs with published Vendian-Cambrian age and 
subduction- or island-arc affinity for these rocks.
4) Sedimentary style, linear orientation of Mesozoic outcroppings, axial 
paleocurrent indicator directions, isotopic provenance results, and regional tectonic setting 
suggest deposition in the foredeep of an extensive, underfilled, contractile foreland basin 
during the Lower-Middle Jurassic through the Lower Cretaceous in western Mongolia. 
Several lines of evidence also exist that permit an extensional or strike-slip basin setting for 
Upper Jurassic through Lower Cretaceous sediments.
The coarse grain-size and change in paleocurrent indicator direction from the Dariv 
locality suggests uplift of the paleo-Altai during the Upper Jurassic-Lower Cretaceous 
which may be related to the time-equivalent docking of the Lhasa Block along the southern 
margin of central Asia.
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Figure 1 : Simpified terrane map of Asia showing tectonic blocks and Mesozoic and 
Cenozoic sedimentary basins. Abbreviated basin names: Ju=Junggar, 
Tu=Turpan, G=Gobi, E—Erlian, 0=Ordos, Si=Sichuan, H=Hailar, 
So=Songliao (Modified from Hendrix, et ai., 1993).
65
I
!
I
INDIA L Q
N
TARIM TS
L _  Q TARIM TS
LHASA TARIM TS
QIANTANG JUNGGARTARIM
g
I
I
TARIM TIAN SHAN JUNGGAR
TARIM "JUNGGAR”
Figure 2: Schematic cross sections through central Asia illustrating the
accretionary and reactivation history of the region (Modified from 
Watson, et al., 1987).
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Figure 3: Isopach map of north Tarim, south Junggar, and Turpan basins.
The asymmetry of Mesozoic sediment Siickness suggests foreland 
basin deposition, where most sediment is deposited adjacent to 
basinward-vergent fold and thrust systems (Hendrix, et al. 1992).
OIL WELLS
•S-1000I
- 5 0 0
I
Figure 4 : Cross section of the Bei Santai oil field, southeastern Junggar basin, illustrating Jurassic 
reverse faulting (Li and Jiang, 1987). See Figure 7 for cross-section location.
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Figure 5: Cross section from the Karamay oil field, northwestern Junggar basin, illustrating Middle 
Jurassic thrust faulting (Zhang et al., 1993). See Figure 7 for cross section location.
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Figure 8: Locations of 1995 field study areas in the Lake Zone, western Mongolia.
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Sample # Lithology N̂d Age(DM)
95JA511 Sandstone -3.75±.31 l.OSGa
95JA512 Siltstone -4.79±.23 1.16Ga
95JA605 Basalt Cobble 3.75±.23 560Ma
• I • I ' I
sit f m cngl
95JA601
95JA603
95JA602
95JL703
95JA604
‘95JA501
L95JA507
Granite Cobble 1.65±.27 560Ma 
G ranite Cobble 2.70±.31 590Ma 
Basalt Cobble 4.98±.27 580Ma 
Sandstone -4.55±.35 1.03Ga 
Sandstone -4.72±.27 1.03Ga
Basalt 6.32±31 SlOMa 
Basalt 6.79±.27 390Ma
Figure 9: Ewd values (relative to CHUR) and m antle derivation 
ages for sam ples collected from the Jargalant localtiy.
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° Mafic volcanic cobble 
o Mafic volcanic "basement"
Figure 10: ^^^Nd/'^^^Nd vs. '"^^Sm/*^^d for samples collected from the
Jargalant locality. Difference between clastic and cobble/base­
ment signature suggests sandstones contain a significant amount
of enriched material. Initial *"*̂ Nd/ ̂ "^Nd, mantle sep­
aration age calculated for "basement" and cobbles from the isochron 
for these samples.
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Figure 11: Detailed map of the Hyargas Nuur area illustrating the relative 
locations of the HNE, HNC, and HNW measured sections.
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Nuur locality. Note lateral changes in conglomerate thickness.
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Figure 14: Interbedded conglomerate and sandstone at the Hyargas Nuur East locality.
Photo from detailed measured section (Appendix E) (person lower center for 
scale).
Figure 15: View of relatively sandstone-rich interval with interbedded conglomerate at the 
Hyargas Nuur Central locality (bushes are approximately .5 meter tall).
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Figure 16: Fossilized wood debris from Hyargas Nuur East.
Figure 17: Imprint of plant debris in coarse grained sandstone from the Hyargas Nuur 
Central section.
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Figure 18: Muddy matrix supported conglomerate interpreted to be a debris flow deposit 
from the Hyargas Nuur West section. Photo from detailed measured section 
(Appendix C).
Figure 19: Interbedded conglomerate (with imbrication) and channelized sandstone typical 
of the Hyargas Nuur fleld area. Scoured contacts are visible between 
conglomerate and sandstone.
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Figure 20: Close up of sandstone from Hyargas Nuur Central. Sandstone is trough cross 
bedded and channelized with pebble clasts and stringers.
Figure 22: Close up of conglomerate from Hyargas Nuur East. Conglomerate is poorly 
organized. Note abundance of granitic clasts relative to dark mafic volcanic 
clasts.
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Figure 21 : Paleocurrent indicator direction analysis results for the Hyargas Nuur and Oshin Nuruu localities.
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Figure 23: Provenance of sandstones collected from the Hyargas Nuur locality. Qp=polycrystalline quartz, Qt= total quartz, 
Qm=monocrystalline quartz, Lt=total lithics, Lsm=lithic sedimentary+lithic metamorphic, Lv=lithic volcanic, 
F=total feldspars (After Dickinson et al., 1983 and Dickinson, 1985). 00o
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Figure 24: Stratigraphie trends in provenance of sandstones from the Hyargas Nuur 
East locality.
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Figure 25: Stratigraphie trends in provenance of sandstones from the Hyargas Nuur 
Central locality.
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Figure 26: Stratigraphie trends in provenance of sandstones from the Hyargas Nuur 
West locality.
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Figure 27: Photomicrograph (crossed polars) of sandstone from Hyargas Nuur East.
Note abund^ce of heavy minerals, pseudomatrix development involving Lv 
grain, and overall angular texture.
Figure 28: Photomicrograph (crossed polars) of sandstone from Hyargas Nuur East. 
Pseudomatrix involving a lithic metamorphic gain is visible center.
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Figure 29: Base of the Oshin Nuruu North section. Meter-scale pebble conglomerate 
interbedded with sandstone and siltstone are typical of deposits at Oshin 
Nuruu. Basal contact is defined by contact wiüi modem alluvium.
Figure 30: Top of the Oshin Numu South section. Lower Middle Jurassic deposits 
consist of flaggy sandstone interbedded with poorly exposed siltstone. 
Cenozoic redbeds which overlie the section are visible to the left.
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Figure 31: Interbedded pebbly sandstone and siltstone from the Oshin Nuruu 
South section (person for scale).
Figure 32: Interbedded conglomerate, sandstone, and siltstone from the 
Oshin Nuruu North locality. Note lateral changes in bed 
thickness.
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Figure 33: Fossil log from the Oshin Nuruu North locality.
Figure 34: Leaf imprints from the Oshin Nuruu South section.
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Figure 35: Meter-scale conglomerate channel deposit scouring underlying sandstone from 
the Oshin Nuruu South section.
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Figure 36: Provenance of sandstones collected from the Oshin Nuruu locality (n=18). Qp=polycrystalline quartz, Qt= total 
quatrz, Qm=monocrystalline quartz, Lt=total lithics, Lsm=lithic sedimentary+lithic metamorphic, Lv=lithic 
volcanic, F=total feldspars (After Dickinson et al., 1983 and Dickinson, 1985).
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Figure 37: Stratigraphie trends in provenance of sandstones from the Oshin Nuruu 
North locality.
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Figure 38 : Stratigraphie trends in provenance of sandstones from the Oshin Nuruu 
South locality.
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Figure 39: Photomicrograph (crossed polars) of a sandstone sample from the upper part 
of the Oshin Nuruu North section. Note abundant carbonate cement and Lm 
grains.
Figure 40: Photomicrograph (crossed polars) of sandstone sample from the lower part of 
the Oshin Nuruu North section. Note psuedomatrix development involving 
the Lv grain in the center of the figure, yellow-stained potassium feldspar 
grains, and lack of carbonate cement.
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Figure 41 : Typical poorly-organized conglomerate from the base of the Jargalant section.
Note abundant granitic clasts and lesser number of dark mafic volcanic clasts.
Figure 42: Overview of the sandy braided-fluvial facies at Jargalant. Interbedded pebble 
conglomerate, sandstone, and siltstone are typical of this interval. Note the 
lateral changes in thickness in many of the beds (person at lower right from 
scale).
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Figure 43: Typical poorly-organized pebble conglomerate from the sandy braided-fluvial 
facies of the Jargalant section. Conglomerate is interbedded with lenticular 
sandstone on the decimeter scale (rock hammer right foreground for scale).
Figure 44: Meter scale bar sets exposed within the sandy braided-fluvial facies at
Jargalant. Conglomerate is interbedded with lenticular (channelized) coarse 
sandstone (example on left side of photo).
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Figure 45: Top of a fining upward sequence from the meandering fluvial facies of the
Jargalant section. Siltstone fines upward to mudstone and coal. The sequence 
is cut by the basal sandstone another sequence (depositional up is to the left) 
(hat for scale).
Figure 46: Silty overbank deposits interbedded with decimeter scale sandstone channel
deposits. Sandstone are laterally discontinuous over several meters (decimeter 
tape for scale).
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Figure 47: Decimeter-scale channel of consisting of pebble conglomerate in sandstone 
from the meandering-fluvial section at Jargalant. The top of a meter-scale 
pebble conglomerate bar deposit is visible below the channel deposit (lens cap 
right-center for scale).
Figure 48: Soft-sediment deformation in siltstone from the meandering-fluvial section at 
Jargalant.
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Figure 49: Sandstone-siltstone contact in the meandering fluvial section at Jargalant.
Centimeter-scale sandstone lenses to left of hat interpreted as crevasse-splay 
deposits.
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Figure 50: Sununed paleocurrent direction indicator analysis results and facies 
for the Jargalant locality.
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Figure 51; Provenance of sandstones collected from the Jargalant locality. Qp=polycrystalline quartz, Qt= total quatrz,
Qm=monocrystalline quartz, Lt=total lithics, Lsm=lithic sedimentary+lithic metamorphic, Lv=lithic volcanic, 
F=total feldspars (After Dickinson et al., 1983 and Dickinson, 1985).
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Figure 52: Stratigraphie trends in provenance of sandstones from the Jargalant 
locality.
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Figure 53: Photomicrograph (crossed polars) of sandstone from the meandering-fluvial 
section at Jargalant. Note abund^t Lm grains, slight development of 
pseudomatrix, and angularity of grains.
Figure 54: Photomicrograph (crossed polars) of sandstone from the basal conglomerate at 
Jargalant. Sample contains large Lv and hm grains.
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Figure 55: Overview of the Lower-Middle Jurassic Jargalant Formation (brown, 
foreground). Upper Jurassic Dariv Formation (red, center), and Upper 
Jurassic-Lower Cretaceous Ilhkes Nuur Formations (dark red, background) at 
the Dariv locality (person left center for scale).
Figure 56: Top of rather poorly exposed Jargalant Formation at Dariv. Meter scale 
sandstone beds are commonly trough cross-bedded.
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Figure 57: Dinosaur vertebra from the Dariv Formation, Dariv locality.
Figure 58: Right foot of Jurassic sauropod Mamenchisaurus found in the Dariv 
Formation, Dariv locality.
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Figure 59: Caliche-carbonate interval exposed near the top of the Dariv Formation at the 
Dariv locality.
Figure 60: Decimeter-scale red siltstone and mudstone intervals interbedded with fine­
grained sandstone, upper Dariv Formation at the Dariv locality.
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Figure 61: Dinosaur bone(?) mantling a foreset in coarse-grained sandstone 
from the Dariv Formation, Dariv locality.
Figure 62: Decimeter-scale trough cross-beds, Dariv Formation, Dariv locality.
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Figure 63: Interbedded sandstone and well-organized conglomerate typical of the Upper 
Jurassic-Lower Cretaceous Ilhkes Nuur Formation, Dariv locality.
Figure 64: Interbedded pebble conglomerate and sandstone from the Ilhkes Nuur 
Formation, Dariv locality.
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Figure 65: Ilhkes Nuur conglomerate, note polymictic nature (light colored granitic clasts, 
light green felsic volcanic clasts, light colored schists, and dark green and red 
mafic volcanics).
Figure 66: Typical Ilhkes Nuur Formation pebble conglomerate. Note angular shape of 
the majority of the clasts.
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Figure 67: Meter-scale mafic volcanic boulder from the Dhkes Nuur Formation.
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Figure 68: Millimeter-scale lamination in shale from the anoxic lacustrine interval of the 
Lower Cretaceous Gurvan Ereen Formation.
Figure 69: Fossil fish and pelecypods from the anoxic lacustrine deposits of the Lower 
Cretaceous Gurvan Ereen Formation.
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Figure 70: Millimeter-scale planar lamination in sandstone from the Gurvan Ereen 
Formation.
Figure 71 : Overview of the Lower Cretaceous Zerik Formation which consists of pastel 
colored mudstone and siltstone (bushes are approximately one meter in 
diameter for scale).
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Figure 72: Rippled sandstone from a delta deposit within the Zerik Formation.
Figure 73: Planar lamination in sandstone from a delta deposit from the Zerik Formation.
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Figure 74: Summed paleocurrent indicator direction analysis results and 
facies for the Dariv locality.
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Figure 75: Provenance of sandstones collected from the Dariv locality (n=30). Qp=polycrystalline quartz, Qt= total quatrz, 
Qm=monocrystalline quartz, Lt=total lithics, Lsm=lithic sedimentary+lithic metamorphic, Lv=lithic volcanic, 
F=total feldspars (After Dickinson et al., 1983 and Dickinson, 1985).
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Figure 76 : Stratigraphie trends in provenance of sandstones from the Dariv 
locality.
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Figure 77: Photomicrograph (crossed polars) of sandstone from the Jargalant Formation, 
Dariv locality. Note abundant Lv, Ls, and hm grains.
Figure 78: Photomicrograph (crossed polars) of sandstone from the Jargalant Formation at
Dariv. Sample contains abundant altered plagioclase grains.
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Figure 79: Photomicrograph (crossed polars) of sandstone from the Dariv Formation, 
Dariv locality. Metamorphic grains are abundant. The sandstone contains 
carbonate cement.
Figure 80: Plane-light photomicrograph of sandstone from the Dariv Formation. Note
abundant well-rounded grains.
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Figure 81 : Photomicrograph (crossed polars) of sandstone from the Ilhkes Nuur 
Formation. Sample contains abundant Lv grains and calcite cement.
Figure 82: Photomicrograph (crossed polars) of sandstone from the Ilhkes Nuur
Formation. Note abundant hm and Ls grains.
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Figure 83: Photomicrograph (crossed polars) of sandstone from the Lower Cretaceous
Gurvan Ereen Formation. Sample contains calcite cement. Note well rounded 
Lv grain at center.
Figure 84: Photomicrograph (crossed polars) of sandstone from the Lower Cretaceous 
Gurvan Ereen Formation. Note well-rounded quartz grain at center.
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Figure 85: Photomicrograph (crossed polars) of sandstone from the Lower Cretaceous 
Zerik Formation. Sample contains large Lm grains. Lv grains are also 
abundant. Biotite (dark red/brown) is present as pseudomatrix.
Figure 86: Photomicrograph (crossed polars) of sandstone from the Lower Cretaceous
Zerik Formation. Note abundant Ls, Lm, and Lv grains.
149
0.25 mm
0.25 mm
'95JA507
£ nci( 0 )  0
/95JA501
-2
-4
-6
-8
95JA601
95JA602
CHUR
95JA511
95JA604
"\
95JA512
1
100 200
1 1 1 1
300 400 500 600 700 800
M O D E L A G E  (Ma)
900 1000 1100 1200
Figure 87: vs. CHUR derivation ages for bedrock and cobbles (solid lines) and sandstones and siltstones
(dashed lines) of samples collected from the Jargalant locality. Note the distinctly different trends 
of the two sample types, suggesting sampled bedrock is not the only source for the sandstones.
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Figure 88: Correlation of coeval strata from the Tarim and Junggar Basins of northwest China and the Dariv 
locality in western Mongolia. See Figure 89 for locations (modified from Hendrix et al., 1993).
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Figure 89: Locations of stratigraphie columns shown in Figure.
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Figure 90: Proposed Lower-Middle Jurassic foreland basin. Evidence includes 
axial drainage, distribution of Mesozoic sediments, and regional 
tectonic regime.
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Figure 91 : Summed Lower-Upper Jurassic paleocurrent direction indicator data from the four field sites. Data 
plotted excluding Hyargas Nuur to illustrate axial trend of measurements from Oshin Nuur, Jargalant, 
and Dariv. %
Q u a t e r n a r y  a H u v iu m
3 Neogene clastic sedimentary rocks
Mesozoic clastic sedimentary rocks
Cartxïniferous clastic sed. rocks
Intrusive rocks undifferentiated
K R A j Paleozoic basement: metamorphic, 
sedimentary and volcanic rocks 
& undifferentiated
Thrust Fault N  
* T ransects
v^.Har Uŝ  
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Figure 92: Map of Cenozoic faulting in the vicinity of the Jargalant 
ana Oshin Nuruu field sites. Many of these Cenozoic 
faults may be re-activated Mesozoic and earlier faults 
(Cunningham, et al., 1995).
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Figure 93: Cumulative point count data for Lower-Middle Jurassic through Lower Cretaceous sediments of western 
Mongolia (n = 93) (After Dickinson et al., 1983 and Dickinson, 1985). U\ON
Sample Om Qp Cht K P Lv Lslt Lm unldL bt ms chi heav Cmt Matr For UnidT CHK
Hyargas Nuur East
95HN2-107 125 13 0 122 126 38 3 4 7 6 2 10 13 1 30 0 0 500
95HN2-106 130 16 0 100 160 8 2 9 6 1 5 12 23 0 25 3 0 500
95HN2-105 126 23 0 73 131 21 4 8 4 1 2 9 29 14 51 4 0 500
95HN2-102 130 13 0 95 158 26 8 3 9 15 3 6 10 0 24 0 0 500
95HN2-101 142 14 0 84 140 44 7 9 4 4 T 9 25 0 15 2 0 500
95HN2-100 150 9 0 70 132 48 11 6 10 6 6 4 14 3 31 0 0 500
95HN12 149 10 0 77 135 63 1 3 7 5 0 2 20 7 21 0 0 500
95HN10 131 10 6 20 187 114 10 0 0 3 2 1 6 6 4 0 0 500
95HN8 166 2 0 101 129 62 8 2 2 7 1 0 9 0 9 2 0 500
95HN6 73 1 1 39 61 43 6 3 3 5 0 1 5 0 8 1 0 250
95HN5
Hyargas Nuur Central
169 24 0 17 101 106 3 4 4 10 1 5 11 0 45 0 0 500
95HNC104 150 15 0 105 119 32 8 2 6 6 0 6 20 4 19 8 0 500
95HNC102 149 8 0 83 141 7 1 3 5 18 14 9 28 0 31 3 0 500
95HN18 174 7 0 116 130 29 3 0 2 1 5 6 9 0 13 5 0 500
95HN16 161 5 0 73 194 15 0 5 3 8 6 5 13 0 8 4 0 500
Hyargas Nuur West
92HN10 192 10 0 88 145 17 9 1 0 5 0 1 6 2 22 2 0 500
92HN13 122 7 0 90 98 63 11 3 3 3 0 0 68 1 30 1 0 500
92HN14 132 8 0 96 122 48 4 2 5 0 2 0 58 0 23 0 0 500
92HN15 182 8 0 87 141 25 4 0 1 8 6 2 11 0 26 3 0 504
92HN16 221 7 0 81 125 31 6 0 1 3 0 1 7 0 12 5 0 500
95HN1 DS 173 34 0 79 137 21 0 1 2 3 5 0 5 0 27 11 0 498
92HN17 158 9 0 79 144 59 4 13 6 1 2 1 13 0 23 0 0 512
92HN18 199 8 2 58 130 48 4 0 1 11 0 1 2 0 25 1 0 490
Table 1: Raw point count data for the Hyargas Nuur locality. Qm - monocrystalline quartz, Qp - polycrystalline quartz, Cht - chert, K - 
potassium feldspar, P - plagioclase, Lv - lithic volcanic, Lslt - lithic sedimentary, Lm - lithic metamorphic, unidL - lithic 
unidentified, bt - biotite, ms - muscovite, chi - chlorite, heav - heavy mineral, Cmt - cement, Matr - matrix. For - porosity, 
UnidT - non-lithic unidentified, CHK - count total. ^
Sample %0m % ¥  %Lt %Qt %F % U  %Qp %Lv %Lsm %Qm %P %K %Lv %Lm %Ls P /F  %Mic %hv COMMENTS
95HN2-107 29 57 15 32 57 12 22 66 12 34 34 33 84 9 7 0.51 3.6 2.6
95HN2-106 30 60 10 34 60 6 46 23 31 33 41 26 42 47 11 0.62 3.6 4.6 Highly altered.
95HN2-105 32 52 15 38 52 9 41 38 21 38 40 22 64 24 12 0.64 2.4 5.8 Very highly altered.
95HN2-102 29 57 13 32 57 10 26 52 22 34 41 25 70 8 22 0.62 4.8 2.0 Slight feldspar alteration.
95HN2-101 32 50 18 35 50 14 19 59 22 39 38 23 73 15 12 0,63 2.8 5.0 Faint staining, feldspar highly altered.
95HN2-100 34 46 19 36 46 17 12 65 23 43 38 20 74 9 17 0.65 3.2 2.8 Coarse grained (250 grains counted).
95HNI2 33 48 19 36 48 17 13 82 5 41 37 21 94 4 I 0.64 1.4 4.0
95HN10 28 44 29 31 44 25 12 81 7 39 55 6 92 0 8 0,90 1.2 1.2
95HN8 35 49 16 36 49 16 3 84 14 42 33 26 86 3 11 0.56 1.6 1.8 Coarse grained.
95HN6 32 43 25 33 43 24 4 80 17 42 35 23 83 6 12 0.61 2.4 2.0 Very coarse grained.
95HN5 39 28 33 45 28 27 18 77 5 59 35 6 94 4 3 0.86 3.2 2.2 Highly altered.
Mean 32 49 19 35 49 16 20 64 16 40 39 21 78 12 10 0.66 2.7 3.1
Std. Dev. 
Hyargas Nuur
3.4 8.9 
Central
6.9 4.0 8.9 6.9 13.8 19.9 8.4 7.1 6.2 8.1 15.6 13.6 5.8 0.1 1.1 1.5
95HNC104 34 51 14 38 51 11 26 56 18 40 32 28 76 5 19 0.53 2.4 4.0
95HNCI02 38 56 6 40 56 4 42 37 21 40 38 22 64 27 9 0.63 8.2 5.6
95HN18 38 53 9 39 53 7 18 74 8 41 31 28 91 0 9 0.53 2.4 1.8
95HN16 35 59 6 36 59 5 20 60 20 38 45 17 75 25 0 0.73 3.8 2.6
Mean 36 55 9 38 55 7 27 57 17 40 36 24 76 14 9 0.60 4.2 3.5
Std. Dev. 1.7 3-2 3.9 1.5 3.2 3.1 10.9 15.5 6.1 1.6 6.6 5.2 11.1 13.9 7.8 0.09 2.7 1.7
Faint feldspar staining, very fine grained. 
Coarse grained.
92HN10 42 50 8 44 50 6 27 46 27 45 34 21 63 4 33 0.62 1.2 1.2
92HN13 31 47 22 32 47 20 8 75 17 39 32 29 82 4 14 0.52 0.6 13.6 Feldspars highly altered.
92HN14 32 52 16 34 52 14 13 77 10 38 35 27 89 4 7 0.56 0.4 11.6 Feldspars highly altered.
92HN15 41 51 8 42 51 7 22 68 11 44 34 21 86 0 14 0.62 3.2 2.2
92HNI6 47 44 10 48 44 8 16 70 14 52 29 19 84 0 16 0.61 0.8 1.4
95HN1 DS 39 48 13 46 48 5 61 38 2 44 35 20 95 5 0 0.63 1.6 1.0 Highly altered.
92HNI7 33 47 19 35 47 17 11 69 20 41 38 21 78 17 5 0.65 0.8 2.5
92HN18 44 42 14 46 42 12 16 77 6 51 34 15 92 0 8 0.69 2.4 0.4
Mean 38 48 14 41 48 11 22 65 13 44 34 22 84 4 12 0.61 1.4 4.2
Std. Dev. 6.0 3.6 5.1 6.3 3.6 5.6 16.9 15.0 8.0 5.1 2.5 4.5 10.1 5.6 10.1 0.05 1.0 5.2
Grand Mean 35 49 16 38 49 13 22 63 15 42 37 22 80 10 11 0.63 2.5 3.6
Std. Dev. 5.0 7.0 6.9 5.2 7.0 6.8 14.1 17.2 7.7 6.0 5.5 6.4 13.0 11.7 7.5 0.1 1.7 3.2
Table 2: Normalized percentages of framework grains for the Hyargas Nuur locality. Qm - monocrystalline quartz, F - total feldspar, Lt 
- total lithic, Qt - total quartz, Lv - lithic volcanic, Lsm - lithic sedimentary + lithic metamorphic, P - plagioclase, Lm - lithic 
metamorphic, Ls - lithic sedimentary, P/F - plagioclase:total feldspar, %Mic - percent mica, %hv - percent heavy minerals.
Ln
00
Sample Qm Qp Cht K P Lv Lslt Lm unidL bt ms chi heav Cmt Matr For UnidT CHK
Oshin Nuruu North
ON-M 141 24 4 52 104 41 5 37 8 4 3 9 26 1 13 28 0 500
950NN1A 52 5 0 21 25 10 5 23 1 1 2 0 2 52 0 1 0 200
950NN1B 145 16 1 54 90 22 9 29 13 6 0 6 18 4 35 52 0 500
950NN3 180 12 0 87 66 25 6 50 12 3 1 2 8 32 11 5 0 500
950NN4 143 28 0 61 84 44 8 47 7 6 1 1 2 26 6 36 0 500
950NN5 76 13 1 26 41 10 5 39 0 0 0 3 1 2 13 20 0 250
950NN6 151 11 1 62 60 12 3 38 5 1 5 0 7 137 1 8 0 502
95ONN105 149 40 2 59 87 17 0 41 4 8 7 5 9 40 13 19 0 500
95ONN104 101 20 0 67 72 17 1 47 12 10 4 6 4 135 1 3 0 500
95ONN102 174 30 0 46 87 14 3 47 6 9 6 4 7 47 6 14 0 500
95ONN101 130 30 0 54 83 25 3 47 3 1 2 2 3 114 1 2 0 500
Oshin Nuruu South
95ONS202 145 18 3 81 107 18 8 35 6 7 5 6 8 0 21 32 0 500
95ONS203 156 27 0 114 9 48 4 5 1 4 10 3 2 104 13 0 0 500
95ONS205 162 18 1 131 82 47 9 13 0 2 0 2 3 0 26 4 0 500
95ONS204 175 24 0 114 32 64 14 24 1 4 2 5 5 0 11 25 0 500
95ONS206 162 28 2 70 66 99 8 27 0 4 1 0 1 1 12 18 0 499
950NS3 137 27 0 51 91 8 3 45 3 8 7 6 10 77 4 23 0 500
950NS5 111 15 0 63 84 8 0 50 3 13 3 14 9 122 1 4 0 500
Table 3: Raw point count data for the Oshin Nuruu locality. See Table 1 for abbreviation definitions.
LAVO
Sample %Qm %F %U %Qt %F % U %Qp %Lv %Lsm %Qm %P % K %Lv %Lm %Ls P/F %hv COMMENTS
Oshin Nuruu North
ON-I-1 34 38 28 41 38 22 25 36 38 47 35 18 49 45 6 0 67 3.2 5.2
950NN1A 37 32 31 40 32 27 12 23 65 53 26 21 26 61 13 0.54 1.5 1.0 Coarse grained (200 grains counted).
950NNIB 38 38 24 43 38 19 22 29 49 50 31 19 37 48 15 0.63 2.4 3.6 Highly altered.
950NN3 41 35 24 44 35 21 13 27 60 54 20 26 31 62 7 0.43 1.2 1.6 Very faint feldspar staining.
950NN4 34 34 32 41 34 25 22 34 44 50 29 21 44 48 8 0.58 1.6 0.4 Altered feldspar, faint staining.
950NN5 36 32 32 43 32 25 21 13 66 53 29 18 17 74 9 0.61 1.2 0.4 Coarse grained (250 grains counted).
950NN6 44 36 20 48 36 17 18 18 63 55 22 23 23 72 6 0.49 1.2 1.4 Plagioclase highly altered.
95ONN105 37 37 26 48 37 16 42 17 41 51 29 20 29 71 0 0.60 4.0 1.8
95ONN104 30 41 29 36 41 23 24 20 56 42 30 28 26 72 2 0.52 4.0 0.8
95ONNI02 43 33 25 50 33 17 32 15 53 57 28 15 22 73 5 0.65 3.8 1.4 Very heavy alteration.
95ONN10I 35 37 29 43 37 21 29 24 48 49 31 20 33 63 4 0.61 1.0 0.6 Plagioclase altered to calcite.
Mean 37 36 27 43 36 21 24 23 53 51 28 21 31 63 7 0.57 2.3 1.7
Std. Dev. 4.2 2.8 3.7 4.1 2 .8 3.8 8 .6 7 .6 9 .8 4.1 4 .3 3.7 9.6 11.0 4 .5 0.07 1.2 1.5
Oshin Nuruu South
950NS202 34 45 21 39 45 16 26 22 52 44 32 24 30 57 13 0.57 3.6 1.6 Heavy alteration.
95ONS203 43 34 23 50 34 16 32 57 11 56 3 41 84 9 7 0.07 3.4 0.4
95ONS205 35 46 19 39 46 15 22 53 25 43 22 35 68 19 13 0.38 0.8 0.6
95ONS204 39 33 28 45 33 23 19 50 31 55 10 36 62 24 14 0.22 2.2 1.0
95ONS206 35 29 35 42 29 29 18 60 21 54 22 23 74 20 6 0.49 10 0.2
950NS3 38 39 24 45 39 16 33 10 58 49 33 18 14 80 5 0.64 4.2 2.0 Poor staining, highly altered.
950NS5 33 44 23 38 44 18 21 11 68 43 33 24 14 86 0 0.57 6.0 1.8
Mean 37 39 25 43 39 19 24 38 38 49 22 29 49 42 8 0.42 3.0 1.1
Std. Dev. 3.1 6.1 5.1 4.1 6.1 4.7 5.5 20.8 19.9 5 .4 10.9 7.6 27.3 29.5 4.8 0.19 1.7 0.7
Grand Mean 37 37 26 43 37 20 24 29 47 50 26 24 38 55 7 0.51 2.6 1.4
Std. Dev. 3 .8 4 .7  4 .5 4.1 4 .7 4.3 7.5 16.2 16.6 4.8 8 .3 7 .0 21.2 23.1 4.7 0.16 1.5 1.2
Table 4: Normalized percentages of framework grains for the Oshin Nuruu locality. See Table 2 for abbreviation definitions.
s
Sample Qm Qp Cht K P Lv Lslt Lm unidL bt ms chi heav Cmt Matr For UnidT CHK
95JA701 183 35 0 52 80 105 7 10 0 7 2 2 5 3 5 4 0 500
92JL11 216 7 1 105 75 43 18 3 0 2 2 0 10 0 17 1 0 500
92JL12 220 12 0 109 76 39 12 6 0 1 1 0 11 0 12 1 0 500
92JL13 212 7 0 130 84 25 8 4 1 1 2 0 6 0 18 2 0 500
95JA702 223 30 3 38 89 78 5 8 0 5 2 0 4 0 10 5 0 500
95JA703 171 35 0 53 115 47 1 9 1 7 12 3 9 0 18 19 0 500
95JA704 191 19 1 43 97 74 7 17 0 9 0 0 6 0 7 28 0 499
92JL14 206 14 0 115 89 8 11 4 4 3 3 0 13 0 25 5 0 500
95JL705 145 62 6 90 44 86 15 25 0 3 1 0 4 0 13 7 0 501
95JA706 164 32 1 53 85 91 8 22 1 9 0 0 7 0 10 17 0 500
92JL16 217 4 0 121 70 20 14 21 0 1 1 0 5 0 13 13 0 500
95JA707 186 14 1 37 101 99 4 24 3 8 4 2 3 0 4 10 0 500
92JL18 184 16 0 91 86 36 14 10 3 3 0 0 31 0 23 3 0 500
95JA708 197 33 0 69 105 36 0 23 0 1 5 1 11 0 12 5 0 498
95JL709 181 50 2 78 99 47 1 10 3 4 2 2 5 6 8 2 0 500
92JL19 297 10 0 67 33 28 11 9 1 5 2 0 3 1 20 13 0 500
95JA710 242 45 0 30 75 69 3 13 2 0 1 0 2 4 8 6 0 500
95 JA511 212 16 6 36 76 110 10 14 0 2 2 4 0 8 2 2 0 500
95JA711 199 29 0 90 63 54 6 21 0 7 5 7 2 0 21 2 0 506
92JL20 256 9 0 136 44 18 3 11 1 3 5 0 0 0 10 4 0 500
Table 5: Raw point count data for the Jargalant locality. See Table 1 for abbreviation definitions.
o\
Sample %Qm %F %U %Qt %F %U %Qp % tv %Lsm %Qm %P %K %Lv %lm %Ls P/F %Mic %hv COMMENTS
95JA701 39 28 33 46 28 26 22 67 11 58 25 17 86 8 6 0.61 2.2 1.0 Course grained.
92JL11 46 38 15 48 38 14 11 60 29 55 19 27 67 5 28 0.42 0.8 2.0
92JL12 46 39 15 49 39 12 17 57 26 54 19 27 68 11 21 0.41 0.4 2.2
92JLI3 45 45 10 46 45 8 16 57 27 50 20 31 68 11 22 0.39 0.6 1.2
95JA702 47 27 26 54 27 19 27 63 10 64 25 11 86 9 5 0.70 1.4 0.8 Poor feldspar staining.
95JA703 40 39 22 48 39 13 38 51 11 50 34 16 82 16 2 0.68 4.4 1.8 Heavy feldspar alteration.
95JA704 43 31 26 47 31 22 17 63 20 58 29 13 76 17 7 0.69 1.8 1.2 Poor feldspar staining.
92JL14 46 45 9 49 45 6 38 22 41 50 22 28 35 17 48 0.44 1.2 2.6
95JL705 31 28 41 45 28 27 35 44 21 52 16 32 68 20 12 0.33 0.8 0.8
95JA706 36 30 34 43 30 27 22 59 20 54 28 18 75 18 7 0.62 1.8 1.4 Highly altered.
92JL16 46 41 13 47 41 12 7 34 59 53 17 30 36 38 25 0.37 0.4 1.0
95JA707 40 30 31 43 30 27 11 69 20 57 31 11 78 19 3 0.73 2.8 0.6 Heavy feldspar alteration.
92JL18 42 40 18 45 40 14 21 47 32 51 24 25 60 17 23 0.49 0.6 6.2
95JA708 43 38 20 50 38 13 36 39 25 53 28 19 61 39 0 0.60 1.4 2.2
95JL709 38 38 24 49 38 13 47 43 10 51 28 22 81 17 2 0.56 1.6 10 Heavy feldspar alteration.
92JL19 65 22 13 67 22 11 17 48 34 75 8 17 58 19 23 0.33 1.4 0.6
95JA710 51 22 28 60 22 18 35 53 12 70 22 9 81 15 4 0.71 0.2 0.4 Heavy feldspar alteration.
95 M511 44 23 33 49 23 28 14 71 15 65 23 11 82 10 7 0.68 1.6 0.0
95JA711 43 33 24 49 33 18 26 49 25 57 18 26 67 26 7 0.41 3.8 0.4 Heavy feldspar alteration.
92JL20 54 38 9 55 38 7 22 44 34 59 10 31 56 34 9 0.24 1.6 0.0
Grand Mean 44 j4 22 SO ^4 17 24 é i 24 57 i l 21 69 13 Ô.52 1.5 1.4
Std. Dev. 7.1 7 .3 9 .4 5.8 7.3 7.2 11.0 12.4 12.2 6.9 6.7 7.8 14.6 9.5 12.2 0 .2 1.1 1.4
Table 6; Normalized percentages of framework grains for the Jargalant locality. See Table 2 for abbreviation definitions.
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Sam ple Qm Qp Cht K P Lv L slt Lm unidL b t m s chi beav Cmt M atr F or U nidT CHK
Lower Cretaceous Zerik Form ation
95DV3 155 45 1 27 140 77 7 20 6 9 0 5 8 0 0 0 0 500
95DV5 34 0 0 19 22 55 11 I 0 0 0 1 4 49 1 3 0 200
92DV16 114 9 1 51 68 68 24 29 0 0 1 0 28 75 24 8 0 500
92DV14 125 6 1 73 98 47 30 13 0 1 2 1 13 90 0 0 0 500
95DV200 123 19 0 74 54 72 0 6 2 0 0 0 2 144 0 4 0 500
92DV13 81 5 1 59 60 74 24 20 7 2 2 3 16 141 3 2 0 500
95DV6 92 19 0 61 80 54 2 15 8 0 1 0 18 150 0 0 0 500
92DV12 68 1 0 12 33 24 26 12 4 1 0 1 7 59 1 1 0 250
95DV7 96 3 0 39 80 79 2 21 6 0 0 1 25 141 2 5 0 500
95DV101 109 40 0 57 63 39 3 8 5 0 4 6 8 145 1 13 0 501
92DV27 116 5 0 59 62 52 23 11 9 0 7 4 20 131 0 1 0 500
92DV23 67 16 0 73 58 55 33 40 5 1 6 2 5 134 4 1 0 500
Upper JurassiC 'Low er Cretaceous Ibkes N uur Form ation
92DV43 59 1 0 16 30 31 22 14 6 0 0 0 3 7 4 7 0 200
95DV303 128 7 0 29 108 36 3 26 7 1 2 2 17 124 2 8 0 500
92DV41 154 12 0 77 64 71 26 22 2 5 3 3 7 10 21 22 1 500
92DV40 64 14 0 31 31 42 27 21 3 1 1 1 3 7 9 25 0 280
92DV38 162 17 0 49 58 46 30 34 14 0 9 3 14 47 7 10 0 500
92DV37 44 3 0 13 16 44 14 12 7 0 1 1 13 6 5 21 0 200
95DV306 88 44 2 22 52 30 11 63 3 7 13 4 85 65 9 2 0 500
95DV35 66 5 0 22 16 30 54 12 8 0 2 0 6 25 1 3 0 250
92DV34 52 0 0 25 11 44 26 1 5 0 0 0 0 5 3 28 0 200
92DV33 59 10 0 47 33 128 45 10 7 0 3 1 3 153 0 1 0 500
92DV31 79 13 1 79 55 55 12 7 10 6 0 0 5 11 26 41 0 400
92DV30 82 8 0 58 62 67 31 25 6 0 4 3 7 145 1 1 0 500
Upper Jurassic Dariv Form ation
92DV50 176 5 0 32 62 38 22 35 2 0 9 0 30 83 0 6 0 500
92DV53 106 7 0 33 45 24 24 9 0 0 0 4 5 3 5 29 0 294
92DV58 127 6 0 43 77 43 12 43 13 3 8 0 10 93 12 10 0 500
92DV59 87 10 0 77 71 30 61 27 10 1 2 2 9 67 34 12 0 500
92DV46 146 18 0 66 107 32 39 34 11 0 4 1 9 19 14 0 0 500
92DV49 146 1 0 93 115 44 21 8 7 15 3 7 17 1 7 15 0 500
Table 7: Raw point count data for the Dariv locality. See Table 1 for abbreviation 
definitions.
Samole %Om %F % U % ot %¥ %Lt % 0n %Lv %Lsm %Om %P %K %Lv %Lm %Ls P/F %Mtc %hv COMMENTS
Lower Cretaceous Zerik Formation _ .. .
-------— 3 T ■33 ■■■■ 31 ■ 51 ' IS 48 43 8 74 19 7 084 2.8 1.6 Grain mount, feldspar alteration.
95DV5 24 29 47 24 29 47 0 82 18 45 29 25 82 1 16 054 0.5 2 Coarse grained (200 grains counted).
92DV16 31 33 36 34 33 33 8 52 40 49 29 22 56 24 20 0.57 0.2 5.6
92DV14 32 44 25 34 44 23 7 48 44 42 33 25 52 14 33 0,57 0.8 2.6
95DV200 35 37 28 41 37 23 20 74 6 49 22 29 92 8 0 0.42 0 0.4
92DV13 24 36 40 26 36 38 5 60 35 41 30 30 63 17 20 0.50 1.4 3.2
95DV6 28 43 30 34 43 24 21 60 19 39 34 26 76 21 3 0.57 0 2 3.6
92DV12 38 25 37 38 25 37 2 38 60 60 29 11 39 19 42 0.73 0.8 2.8 Coarse grained (250 grains counted).
95DV7 29 37 34 30 37 33 3 75 22 45 37 18 77 21 2 0.67 0.2 5 Coarse grained.
95DVI01 34 37 29 46 37 17 44 43 12 48 28 25 78 16 6 0.53 2.0 1.6 Highly altered.
Mean 31 35 34 35 35 30 14 58 28 47 31 22 69 16 15 0.59 0 .9 2 .8
Std. Dev. 4 .4 5 .6 6 .5 7 .0 5 .6 9 .3 14.6 14.6 16.9 5 .9 6 .0  7 .3 16.1 6 .8 14.2 0.12 0.9 1.6
Lower Cretaceous C ur van Ereen Formation
92DV27 34 36 30 36 36 28 5 57 37 49 26 25 60 13 27 0.51 2.2 4 0
92DV23 19 38 43 24 38 38 11 38 51 34 29 37 43 31 26 0.44 18 1.0
Mean 27 37 36 30 37 33 8 48 44 41 28 31 52 22 26 0.48 2.0 2 .5
Std. Dev. 10 .7 1.3 9 .4 8.5 1.3 7 .2 4 .0 13.4 9 .4 10.7 2 .2  8 .5 12.4 13.1 0.7 0.05 0.3 2.1
Upper Jurassic Lower Cretaceous Hikes Nuur Formation
92DV43 33 26 41 34 26 41 1 46 53 56 2^ Ig 46 a 33 0.65 0 i . i Coarse grained (200 grains counted).
95DV303 37 40 23 39 40 21 10 50 40 48 41 11 55 40 5 0.79 1 3.4
92DV41 36 33 31 39 33 28 9 54 37 52 22 26 60 18 22 0.45 2.2 1.4
92DV40 27 27 46 33 27 40 13 40 46 51 25 25 47 23 30 0.50 1.1 1.1 Coarse grained (280 grains counted).
92DV38 40 26 34 44 26 30 13 36 50 60 22 18 42 31 27 0.54 2.4 2.8 Silica cement.
92DV37 29 19 52 31 19 50 4 60 36 60 22 18 63 17 20 0.55 1 6.5 Coarse grained (200 grains counted).
95DV306 28 23 49 43 23 34 31 20 49 54 32 14 29 61 11 0.70 4.8 17
95DV35 31 18 51 33 18 49 5 30 65 63 15 21 31 13 56 0.42 0.8 2.4 Coarse grained (250 grains counted).
92DV34 32 22 46 32 22 46 0 62 38 59 13 28 62 I 37 0.31 0 0 Coarse grained (200 grains counted).
92DV33 17 24 59 20 24 56 5 66 28 42 24 34 70 5 25 0.41 0.8 0.6 Coarse grained.
92DV31 25 43 32 30 43 27 16 63 22 37 26 37 74 9 16 0.41 1.5 1.3 Coarse grained (400 grains counted).
92DV30 24 35 40 27 35 38 6 51 43 41 31 29 54 20 25 0.52 14 1.4
Mean 30 28 42 34 28 38 10 48 42 52 25 23 53 22 26 0.52 1.4 3 .3
Std. Dev. 6 .2 8.1 10.5 6 .7 8.1 10.7 8.3 14.3 11.6 8.5 7 .6  8 .2 14.3 16.2 13.3 0.14 1.3 4 .6
upper Jurassic Dariv Formation
m Coarse grained.
Coarse grained (294 grains counted).
47 ' y i7 k V 2i 26 5 38 57 65 23 12 40 37 23 0.66 1.8 — r
43 31 26 46 31 23 11 38 52 58 24 18 42 16 42 0.58 1.4 1.7
35 33 32 37 33 30 6 41 53 51 31 17 44 44 12 0.64 2.2 2
23 40 37 26 40 34 8 23 69 37 30 33 25 23 52 0.48 1 1.8
37 32 31 39 32 28 7 35 58 53 27 20 38 30 32 0 .59 1.6 2.9
10.5 5 .9 5 .0 10.2 5.9 5 .0 2.7 7 .9 7 .8 11.9 4.1 9 .0 8.4 12.8 17.9 0 .08 0.5 2.1
ÏDV50
92DV53
92DV58
92DV59
Mean
Lower.Middle Jurassic Jarealant Formation
92DV46 
92DV49 
Mean 
Std. Dev.
32 
34
33 
0 .9
38
48
43
6.8
30
19
24
7 .7
36 38 26
34 48 18
35 43 22
1.7 6 .8  5.1
15 26 59 46 34 21 30 32 37 062 1 1.8 Highly altered.
1 59 39 41 32 26 60 11 29 0.55 5 3.4
8 43 49 44 33 23 45 22 33 0 .59  3 .0 2.6
9 .4  23 .6  14.3 3 .2  0 .7  3 .9 21.1 15.1 5 .9 0.05  2 .8  1.1
Grand Mean 
Std. Dev.
31 33 36
7.7 9.7
35
ZJ.
33 33
7.7 10.1 11 4910 2 15.4
40
16.2
49 28 23 
6 .7  7 .7
56 21 23
17.4 12.8 14.4
0.56
0 .1 2
1.4
1.2
3.0
JA.
Table 8: Normalized percentages of framework grains for the Dariv locality. See Table 2 for abbreviation definitions.
Sample Epsilon Nd(0) ± 143Nd/144Nd 147Sm/144Nd f(Sm/Nd) T(DM)Nd INdKppm) lSm](ppm) Description
95] A 501 6.32 0.31 0.51296218 0.185291 -0.058004 0.507 8.565 2.624 Vendian-Cambrian mafic volcanic.
95JA507 6.79 0.27 0.51298617 0.185064 -0.059156 0.391 10.276 3.144 Vendian-Cambrian mafic volcanic.
95JA602 4.98 0.27 0.51289417 0.171372 -0.128765 0.582 11.887 2.511 Basalt cobble from basal conglomerate.
95JA605 3.75 0.23 0.51283016 0.151366 -0.230474 0.555 30.634 6.421 Basalt cobble from braided sequence.
95JA 601 1.65 0.27 0.51272317 0.121331 -0.383168 0.555 6.349 1.273 Granite cobble from basal conglomerate.
95JA603 2.70 0.31 0.51277618 0.140918 -0.283590 0.588 11.942 3.383 Granite cobble from basal conglomerate.
95JA 511 -3.75 0.31 0.51244618 0.127776 -0.350402 1.075 3.060 0.713 Sandstone from meandering sequence.
95JA512 -4.79 0.23 0.51239216 0.126791 -0.355409 1.155 31.889 6.139 Siltstone from meandering sequence.
95JA604 -4.72 0.27 0.51239617 0.116449 -0.407987 1.030 26.360 6.596 Basal sandstone intraclast.
95JL703 -4.55 0.35 0.51240519 0.117858 -0.400825 1.031 17.435 3.397 Basal sandstone.
Table 9: Results of Sm-Nd isotopic analysis. Epsilon^^ values calculated reative to CHUR (DePaolo and Wasserburg, 
1976) using present day values of ^^^Nd/*^Nd = 0.512638 and = 0.1967 (Nelson et a l , 1993).
T(DM)Nd = single stage undepleted mantle (CHUR) derivation age in billion years.
S i
Grand Mean 35.9 37.7 26.3 40.1 37.7 22.2 18.6 49.0 32.4 49.0 28.6 22.4 0.56 1.9 2.5
Std. Dev. 7.7 9.7 11.9 8.3 9.7 11.7 12.4 19.1 18.8 8.5 8.4 7.2 0.14 1.5 2.7
Table 10: Grand mean and standard deviation for point counts conducted on Lower-Middle Jurassic through Lower Cretaceous samples 
collected from all field areas (n=93). See Table 2 for abbreviation definitions.
g
167
Appendix A: Legend for all Plates and Appendices and the Hyargas Nuur West 
stratigraphie section.
Mudstone/shale
168
Soft-sediment deformation
Siltstone Carbonate
Sandstone
Conglomerate
Vendian - Cambrian 
mafic volcanics
Planar lamination
Fossil wood or plant debris
N = 10
Location and result of 
paleocurrent 
indicator measurement.
Trough cross-stratification (p,w,ie imbricadon)
Foresets/barsets
95HN2 Sandstone provenace 
sampling site
95JL701 (iso) Isotopic analysis 
sampling site
Ripple cross-stratification
Covered or inferred interval
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Appendix C: Detailed stratigraphie section from the 340 meter to 355 meter level of the
Hyargas Nuur West measured section (Appendix A).
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Appendix D: ^tailed stratigraphie section from the 455 meter to 485 meter level of the
Hyargas Nuur East measured section (Plate 1).
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Appendix E: l^tailed stratigraphie section from the 515 meter to 537 meter level of the
Hyargas Nuur East measured section (Plate 1).
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Appendix F: Detailed stratigraphie section from the 375 meter to 309 meter level of the
Jargalant measured section (Plate 5).
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Appendix G: Detailed stratigraphie section from the 440 meter to 600 meter 
level of the Dariv measured section (Plate 7).
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Appendix H: Detailed stratigraphie section from the 0 meter to 8 meter level of the Zerik
Formation measured section (Plate 8).
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Appendix I: Detailed stratigraphie section from the 30 meter to 36 meter level of the Zerik
Formation measured section (Plate 8).
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Appendix J: Detailed strati^aphic section from the 119 meter to 126 meter level of the
Zerik Formation measured section (Plate 8).
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Appendix K; Detailed stratigraphie section from the 158 meter to 162 meter level of the
Zerik Formation measured section (Plate 8).
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